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Abstract The electrorgun was constructed atarian Associates
and isnow in our possessioawaiting final installation and
We present designs for gyroklystron amplifiers capabletebting. Simulations indicathat thenewgun camproduce a
producing 100-150 MW of output power in 1 pulses. beam with an averagelpha of 1.5 and aelocity spread
For accelerator applications waan to employ a second below 10% ovethe full range of currentsOver the lower
harmonic outputcavity operating at 17.136 GHz.Initial current range of 0-500 A, the spread remaiglsw6%. The
experiments to test our new beam productioid transport final beamhas araverage guiding center radius of 2.56 cm
facilities will involve energy extraction froithe fundamental and atotal beam thickness of 1.26 cm. dlagram of the
cyclotron harmonic at 8.568 GHz. In boteases the electrode geometrgnd representative orbits is displayed in
microwave circuitemploy coaxial cavitieand drifttubes to Fig. 2. Filamenpower forthe gun isexpected to be 1200 W

limit spurious oscillations and cavity cross-talk. or less.
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Our group at theJniversity of Marylandhas been
examining thepossibility of using gyroklystrons to energize
future linear electron-positrooolliders forthe passeveral
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output power in Jus pulses at both 9.85d 19.7GHz, using 200 ¢

fundamental and send harmonic output cavities, 100 i

respectively[1,2]. All these experimentemployed a beam s

powernear 100 MWand efficienciesranged from 28-35 %. O®p

In order to meet therojected 100-150 MW poweevel 100 E , , L,

requirements needed for collider applications, we are 1 0 1 2 3 4 5 6

upgrading our experimental facilities to produce a 400 MW )

electron beam New coaxial microwave circuits with 17.136 Time (us)

GHz second harmonic output cavities will be described below, Figure 1. Modulator output pulse

along with plansfor aninitial 8.568 GHz fundamental

experiment. Themicrowave circuitunder test idocatedwithin an

existing set of seven watepol pancake coils. These coils,

[I. EXPERIMENT DESCRIPTION plus an additional large coil located arouthé gun at the

axial position of the cathode, create a central freddr 5.1

The electrobeam forthe experiments is produced by &G and acircuit to cathode magnetic compression ratio of
single anode magnetron injectignn, powered to 500 kV at 8.8. Considerable tapering of the magnetic field profile is
up to 800 A by a lingype modulator. This modulator is aalso possible inthis configuration. We are currently
reconstructed version of our existing 400 A devibe; extra performing measurements of magnetic field as a function of
current is produced by an increase in the numbguutdfe position prior to installation of thgun; this shouldallow
forming networks from 4 to 8. Additionally, in the oldemore accurate modeling of the electron trajectotiesn
system only250 A was available fahe electrorbeam since simply using theoretical magnet coil profiles.Located
the remainder of the curreppbwered a modulation anode visbetween the electron gun and the microwave circuit is the gun
a resistive divider. In thenew configuratiorthe entire downtaper, a conical vacuum vessihed with lossy
modulator output is available to tigein. Thenew modulator dielectrics of various compositionand thicknesses to
hasbeen completely constructaddtested. A representativesuppress spurious (mainly TEand TEy) oscillations. A
voltage vs. time pulse for a resistive load is shown in Fig.dose-up of a typical microwave circuit is showrFig. 3. In
It is characterized by a 15s rise time and 1.hs flat-top this diagram thebeam flowsinto the TEk;; input cavity,
time. We expecthe pulse to beonsiderably smoother whenwhich has a pair of inpuwindowsandcoupling slots located
the gun isconnected to theystem, due tthe filtering action on opposite sides dhe cavity and driven in phase. This
of the gun capacitance. arrangement helpgproduce good coupling tahe low-Q
(about 50)cavity and provides considerable immunity to the
excitation of unwanted mode§.he cavity itself is formed by
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a decrease in the inner conductor radius from the normal 1.83 Because ware retrofitting thestbesinto an existing
cmto 1.1 cm, over a length of 2.29 cimossydielectrics line horizontal system,the innerconductor is supported by pins
on thecavity endwalls. We will drivéhe inputcavity with a located on each side die dielectrically lined region (after
150 kW, 3us microwave pulse frommagnetron. The input the inputcavity and beforethe outputcavity). The pinswill
waveguide system will be filledvith Sk to discourage intercept no mor¢han 3% of theslectron beam. Ultimately

breakdown at the waveguide to window interface. we will use diamondoins (with tantalumcores for charge
removal), but initially we will use 2 mm diameter tungsten
30 pins. Calculations indicatthat the tungstemill withstand

the beamheating at 0.5 Hz. Higher repetition rated|
require theuse ofthe diamond. Of course, in a production
tube for linear collider applicationspne would employ a
vertical arrangement in which thianer conductorhangs
down fromradial vanesupports locatedeyondthe beam
dump. This arrangemenhay also be combinedith an
inverted magnetron injectiogun geometry for addeéhner
conductor support.
Initial designdor a Tk, second harmonic outpatvity
‘ operating at 17.136Hz have been completed. dhagram of
the cavity appears in Fig. 5. It is formed by increasing the
outer drift tuberadius to 3.65 cnover a 3 cmtransition
Figure 2 Diagram of the gun electrodes and electron length, followed by a 0.64 cm long flat section. Emergy is
trajectories extracted through an axial output lip of 0.1 cm length and
3.58 cm radius, with a 1 cm long transition reghmtween
The drifttube islined with lossydielectrics on both the the lip and thecavity body. All of the transitions aremooth
inner and outer conductors. Timmer andouter beantunnel to minimizemode conversionThis geometry exhibits a Q of
radii are 1.83 and 3.33 cmgspectively. Onthe outer 530 and a forward to reverse poweratio of 24 dB.
conductor there artwo concentric layers ofmaterial, with Theoretical modeling predicts afficiency of 35% with the
the innerlayer consisting of carbon impregnated aluminumxpected beam velocitypread of 6%. Higheefficiencies
silicate (CIAS)and theouter layer made from 808BeO-20% should be achievable withe use of a buncher cavityStart
SiC. The innerconductor is lined bwlternating regions of oscillation studies predithat thisdesign is marginally stable
CIAS and theBeO-SiC material. Calculatedvalues of to TE, modes at 500 A; welan to furtherexplore mode
attenuation per unit lengtissociated with a variety of hybridcompetition inthis geometry with a multi-mode code. We
n=1 modes inthis structure areshown in Fig. 4. Further are also currently investigating ttradeoffs between stability
theoretical analysis based on these results indit@éshis 9 and efficiency in this style of cavity.
cm long configuration should reduce the qudi#gtors of all
spurious drift tubemodes to below 15 ovahe 0-25 GHz 1600
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Figure 3. Diagram of the microwave circuit, shown here with  We are also consideringcamplex TEJ/TEq; second

the gun downtaper, first uptaper, and the fundamental outplirmoniccavity with an overall physical length of 10.6 cm, a

cavity. Q of 295, a forward to reverpewerratio of 36.5 dBand an
output radiation purity of 96% T It is formed by a variety



of smoothand abrupt transitions dsoth theinner andouter currently being brazed into vacuum flanges. Thstom-
conductors. This design iconsiderably more stabtean the built pumping manifold has been completed. We afiploy
cavity described above. Howeverpagsent theefficiency is two 601/s ion pumps tenaintain thedownstream vacuum
only 20%, which is fartoo low forpractical applications. during operationtwo additional 60 I/s pumps will be located
Further analysishas indicatedhat the low efficiency is near theelectrongun. Weexpect base pressuresthe low
caused by competition witthird harmonicoperation, and 10° torr range, and operating pressures ne@rtafr.
that this can be minimized lareful selection of theavity A number of microwave diagnostics will be usedttaly
radii relative to the beam guiding center radius. Further watke output radiation. Initially a second nonlinear uptayp#r
to understand this phenomenand improve efficiency is be placed betweethe window and ananechoic chamber.
under way. This uptaper will beabout 1m longand will raise the
The firsttube to be studied on our new tdmd will diameter to 25.4 cm, at which point the radiation electric
actually employ dundamental 8.56&Hz Tky; outputcavity field will be below the breakdownlimit of air. The taper
(pictured in Fig. 3). This initiastep is required tgimplify itself will be filled with Sk and will employ athin Mylar
the study and suppression of any instabilities which mawindow onthe anechoic chamber side. nfovableantenna
occur in the drift tube and gun downtaper regions. cavity located within the far field region inside the anechoic
employsabrupt transitions, and is realized dgcreasing the chamber will allow measurement of output power and
inner radius to 1.01 cm and increasing thdéer radius to radiation patterns. We are also designing a 12.7 cm
3.59 cm. This maisection is 1.7 cm lon@nd it isfollowed diameter, Skfilled, mode selective directional coupler with
by an axialenergy extractiotip 0.9 cm in length with the sidearms optimizedor the Tk, mode at 8.568 GHand the
sameradii as in the main driftube. Simulations indicate TE;, and Tk; modes at 17.136 GHz. It will be used in
that thiscavity will operatewith nearly 40%efficiency at 6% conjunction with a new liquid calorimeter for peak power and

velocity spread and 600 A beam current. pulse energy measurements.
. SUMMARY
ask The modulator upgradmdelectrongun construction for
36k this new experiment have been completa]l we are
3.4% currently constructingand procuring the remainirgeam
T 32f transport hardware. Following a periodcold tests, we will
%3.0; arrive at a final design for a vacuum-compatible version of
2 28f the fundamental tube. Construction wdllow immediately
¢ 26f afterward. Efficiencies of 35-40% appear likely in both
2.41 fundamental and second harmonidevices, with the
221 Inner Conductor possibility ofhigherefficiencywith the addition of a buncher
20¢ cavity. We anticipatéhe production of outpygower levels
18r L in the 100-150 MW range d&tequencies suitable for collider
0 2 4 6 8 10 12 14 16 18 20 applications in the near future.
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