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ABSTRACT

A designof a MAGIC_?RAC (M__icrowaveAntenna forWhispering-Gallery-Mode__Conversionusinga

Twist Reflector Antenna Converter) device is presented for use on the MTX (Microwave Tokamak Experi-

ment) transport system. The MAGICTRAC device, consisting of a mode converting waveguide taper and
three metal reflectors, transforms the TEta,2 circular waveguide mode output of a VARIAN Associates 140
GHz gyrotron into a free-space Gaussian-like beam with > 95% efficiency. Dimensions of the MAGICTRAC
are chosen to produce a beam matched to the MTX quasi-optical transport system.

MAGICTRAC DEVICE

The MAGICTRAC device(Fig.I)isa quasi--opticalmode converterwhich transformsa whispering-

gallerymode intoafree-spaceGaussianbeam withhighefficiency(> 95%).The converterisfrontended with

a conventionalwaveguidemode convertingtaperwhich transformstheinputrotatingTEm,_ mode(s)intoa

linearcombinationofrotatingTE,,,,modes havinga radiationpatternwith both low sidelobepower and

a predominantlya_zimuthalcomponentoffield.For the TE, s,_mode severalsuchamplitudecombinations

arepossible:0.4438TExs,_+ 0.8961TEta,2,0.3206TExs,I+ 0.8913TEta,2q-0.3206TE,s,s,and 0.6058TEts,_

+ 0.7956TE,s,s.Similarlinearcombinationsofmodes existforotherwhisperinggallerymodes. Thisfact
seems tohave been firstpointedout by Thumm[l]. ATE, s,2/TE,s,smode combinationexitinga 5.08cm

diameterwaveguidewas usedastheinputto the MAGICTRAC device.

The azimuthalcomponent offieldhas a exp(im0) variation,where 0 istheazimuthalangle,which is

removed by the "counterbore"cut(Fig.2.)inthefirstannularreflectiveoptic,MT,. Upon reflectionfrom

the counterborethe asimuthalvariationisremoved leavinga fieldstructureanalogousto a circularelectric

TE0, mode, but one inwhich thepowerisconcentratedina singleprimarylobe.

A twistreflectingannularsurface,MT2, isusedto transformtheuimuthal component ofthefieldinto

one whichtslinearlypolarited.The groovescomprisingthetwistreflector,shown inFig.3,areincorporated

in a secondreflectiveopticwhich isalsoused to focusthe annularshaped beam throughthe holeinthe

centerofthefirstoptic,MTI Rotatingthe twistreflectorrotatesthepolarizationofthe reflectedwave so

thatthepolarizationcan be orientedalongan arbitraryaxistransversetothedirectionofpropagation.

A thirdoptic,MTa, isusedto transformthe linearlypolarizedannularbeam intoa Gaussian-like

• beam. This optic is positioned in a region where the beam interference is strong. A simple phase correction
is applied to the beam by adjusting the surface profile of the MT3 optic. The functional form used was

, azl,r + a,¢r 2 where ati, and ase were adjusted empirically to obtain the flattest possible phase profile after
reflection front the surface.

The final result is a linearly polarized (> 99%) Gaussian-like beam. Conversion efficiency from the
initial TE_5,_ waveguide mode to the free-space beam is calculated to be 96%.

* Work perfomred by Lawerence Livermore National Laboratory for USDOE under contract W-7405-
ENG-48.



MTX TRANSPORT SYSTEM

The Micr_wave Tokamak Experiment (MTX) presently is using a VARIAN Associates 140 GHz, 400

kW CW tube operating in the TE15,2 mode as a source of millimeter waves. Aconventional Vlasov launcher
is currently used to convert the TEta,2 mode from the gyrotton into a free-space beam for propagation
through the quasi-optical transmission system and ultimate injection into MTX for the purpose of electron
cyclotron heating. The MAGICTRAC design presented above is an alternative method under consideration
as a replacementfortileVlasovlauncher.

i

In thepastan intense(> I00 MW) millimeterwave pulsefrom a FEL drivenby an inductionlinacwas

usedasthesource.FutureexperimentswillusethegyrotronasthemasteroscillatorfortheFEL underhigh

averagepower conditions(1GW peak,i MW average).The possiblesystemconfigurationsareshown in

Fig.4.

With thegyrotronasthemillimeterwave source,thequasi-opticaltransportsyst,em isconfiguredwith

4 reflecticoptics(2flatsand 2 focussing)in a 30 m longevacuatedbeamline50 cm indiameter.The final
opticfocussesthe beam througha 4 by 30cm porton the tokamak resultinginan illuminatedspoton the

plasmaofbetween 2 by 3 cm and 2 by 6 cm (1/epoints),dependingofthe choiceoffocallengthson the

finaltransportoptic.Dimensionsofthetransportopticsare43 by 58 cre.

OVERALL SYSTEM

The overallsystemfrom gyrotrontotokamak isdepictedin Fig.4. The polarizationat the tokamak

i8thatforO-mode heatingand isadjustedon the MAGICTRAC deviceby the orientationofthe twist

reflectoroptic,MT,. Table I.liststhe focallengthsofthe optics,the spotsizeson them, and the net

transportefficiencytothatoptic.The efficiencyofthe transportsystemaloneisabout 99% and thatof'.he

MAGICTRAC devicealoneis96%, makingthenetcalculatedtzansportemciencyfrom gyrotrontotokamak
95%.

Table I, Transport System Parameters

Focal Spot Integrated Transmitted
Optic Length Size Path Length Power

(m) (cm) (m)

MTI 0._75 w 0.50 99.0%

MT_ oo -- 1.00 97.0%
MTa 1.70 96.0%

G2 oo 12.0 4.23 96.0%
M2 10.0 12.0 11.50 96,0%
Ms oo 12.0 32.03 95.2%
M4 2.16 12.0 34.32 95.2%

MTX Port 2.20 3_. _8 95.0%

The conversion efllciency of the MAGICTRAC device is significantly greater than the 75% calculated for
the simplest possible Vlasov converter and i_ comparable to the conversion efflciencies of advanced versions
of Vlasov transducers[2],

CONCLUSIONS

The MAGICTRAC deviceisa colinearquasi-opticalmode transducerwhich efficientlyconvertsthero-

tatingwhispering-gallerymode outputofcurrentgenerationhighpower gyrotronsintofree-spaceGaussian-

likebeams. Calculationsyielda conversionefficiencyof96% from a TEta,2mode toa free-spacebeam and
99% transportefficiencyfrom convertertotokamak foran overallsystem efficiencyof95%.

Conversionefficienciesmay be furtherincreasedby incorporatingallbut the finaloptic,MTa, of the



MAGICTRAC device in the gyrotron itself. Its colinear geometry complements that of the tube and provides
a convenient region for beam extraction between optics MT1 and MTa. Also the field structure of the exiting
beam is nearly ideal for existing output window designs.
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Figure 1. Configuration of the MAGICTRAC optics showing the waveguide
taper, the optic MT1 with counterbore reflector, the mirror MT2 with twist
reflector, and a final phase-correcting optic MT3.



Step

ep .. .._,,,, ,,,, ,,..,* "" " "

Waveguide T1

Step

%L

.....!_.._i__...._.ii
, constant

phase

Figure 2, Details of a counterbore reflec_or with three steps, showing the
inddent and the reflected constant-phase surfaces for an "unrolled" reflector.
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Figure 3. A sketch of the direction of the polarizing grooves for the twist
reflector on rnjirrorMT2 for a pure azimuthal incident electric field.
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Figure 4. A schematic of the possible MTX transport system configurations.






