SLAC-PUB-7867June 1998Presented at the 1998 European Particle Accelerator Conference (EPAC ’98), Stockholm, Sweden, June 22-26, 1998A FOUR-PORT LAUNCHER FOR A MULTI-MODED DLDSPOWER DISTRIBUTION SYSTEM*K. Eppley, N. Kroll**, Z. Li, R. Miller, C. Nantista, and S. TantawiStanford Linear Accelerator Center, P.O. Box 4349, Stanford, California 94309, USAAbstractWe describe a structure for launching the

TE

01 andboth polarizations of

12 modes into a highlyovermoded low loss circular waveguide providingremote transmission for a multi-moded Delay LineDistribution System (DLDS) [1]. The power from foursources is delivered to four structure ports byrectangular waveguide, and the mode for each pulsesubsection is selected by varying the relative phases ofthe sources. The four ports symmetrically feed asection of waveguide with a fourfold symmetric four-leaf clover-like (or quatrefoil) cross section,dimensioned so as to propagate only four TE modes,characterized as 0, p/2 (two polarizations), and pmodes. The 0 and p/2 modes are well matched, the pmode only moderately so. A low loss taper transformsthe initial cross section to a circular cross section; the 0mode transforming to

, the p/2 to

11

, the p to

21

, all with negligible mode conversion. A"sausage" type mode transducer then converts to (a lower loss mode), and the diameter is thenexpanded to the full ~five inch diameter of the delayline. A separate structure to divert power from the lastpulse subsection to the local group of acceleratorstructures is required.I. INTRODUCTIONThe Delay Line Distibution System (DLDS) [2]achieves a high acceleration gradient by combiningthe power of a number of rf sources for delivery toaccelerating structures. It matches the long pulse ofthe rf sources to the shorter drive time of theaccelerating structures by dividing the source pulsesinto a number of subpulses of duration equal to thestructure drive time. The subpulses are phase coded ina manner which allows them to be delivered toaccelerating structures at varying distances from thesources through a delay line distribution system

* Work supported by the U.S. Department of Energyunder contract DE-AC03-76SF00515 and grant DE-FG03-93ER40695.** Also University of California, San Diego, La Jolla,CA 92093.designed to deliver the subpulses to the remotestructures in a timely manner relative to the time ofarrival of the particle bunches. In the original versionof DLDS a network of 3dB hybrids combines thepower of the sources in such a manner that thecombined power from different subpulses, directed bythe phase coding, emerges from different ports of thenetwork. These are then connected via low losswaveguides to groups of structures at appropriatedistances, the first subpulse to the most remotegroup, the last to a local group. A separatewaveguide is used to transport the power from each ofthe subpulses. The multi-moded DLDS modifies thisscheme by transporting the power to the remotestructure groups in a single waveguide, utilizing adifferent mode for each of the remote structure groups.The power is combined in a mode launcher, whichreplaces the 3dB hybrid network, and makes use ofphase coding to associate different modes with eachsubpulse. In the following we present a design inprogress of a particular realization of such a launcher.An alternative design is given in [3].The launcher discussed here is designed for a foursource system with the source pulses divided into fourequal subpulses. The relative phase of the sourceschanges from subpulse to subpulse. The output ofthe four sources is first transported by fourwaveguides which pass through an extractor for thelocal group of accelerator structures. By virtue of thephase coding this extractor is transparent to the rfdelivered in the first three subpulses and extracts all ofthe rf delivered in the last subpulse. Such an extractoris described in [3]. The four waveguides then proceedto the four input ports of the launcher. The launcheritself has two distinct sections: an input sectionconsisting of a waveguide of quatrefoil cross sectionwith four input ports and a tapered section whichadiabatically transforms the quatrefoil cross section toa circular one. The three modes which emerge fromthe circular cross section are the and twoorthogonal polarizations of

. In order to reduceresistive loss in transmission to the remote structures,the modes are converted to

. A section ofcircular waveguide with undulating diameter, designedby Calabazas Creek Research, Inc., may be used toaccomplish the conversion. Subsequently the

2diameter of the waveguide is tapered up to the12.7˚cm diameter which, to reduce resistive losses,has been selected for remote transmission.II. THE QUATREFOILWAVEGUIDETwo requirements underlie the design of thelauncher: mode purity for each of the subpulses andavoidance of excessive electric field. This isfacilitated by choosing a structure with fourfoldrotational symmetry and with two orthogonal planesof reflection symmetry, and then making use ofrounded contours. The cross section of one fourth ofthe quatrefoil waveguide is shown in Figure 1. Themaximum diameter is 3.81 cm, the minimum,2.74˚cm. The modes of a structure with fourfoldsymmetry may be characterised by the section tosection variation of the field phase. The fourpossibilities may be indicated by the amplitudesequences (1 1 1 1), (1 i -1 -i), (1 -i 1 i), and (1 -1 1-1) corresponding to 0 modes, degenerate pairs of p/2modes, and p modes. We can guarantee mode purityby designing the structure so that there is only onepropagating mode of each type. For the quatrefoilwaveguide the cutoff frequencies (GHz, MAFIAsimulations) of the propagating TE modes are 10.11for the 0 mode, 4.889 for the p/2 modes, and 6.615for the p mode. The cutoff frequencies of the secondTE p/2 mode pair and the TM p/2 pair are 11.55 and11.63 respectively. The other potential competitorshave cutoff frequencies far above the 11.424 operatingfrequency. There is, in addition, a propagating TM 0mode, but its coupling to the only propagating modeof the waveguides connected to the ports is forbiddenby reflection symmetry. Any one of the fourpropagating TE modes may be selected by selectingthe relative phase of the sources, and as long as thesources have equal strength, mode purity isguaranteed.Figure 1. One fourth the quatrefoil waveguide crosssection, shown with the electric field of the 0 mode(MAFIA simulation).The peak surface field for 600 MW in the 0 andp/2 modes is 37 MV/m, equivalent to 173 MW inWR90. The peak fields are higher for the p mode,but it is not used for power transmission.III. TAPERING FROMQUATREFOIL TO CIRCULARWAVEGUIDEIn order to minimize mode conversion andreflection losses, the tapering is carried outadiabatically and in such a manner that the property ofhaving only a single propagating TE mode of eachsymmetry type is preserved. The principal dangerarises from the second p/2 mode pair. If it is allowedto propagate before the cross section becomes circular,there is a danger of

TE 31

contamination of the

TE 11

.Tapering also couples TE modes to TM modes, sothat there is a potential for

TM 11

contamination ofthe

. Unfortunately as the guide becomescircular the TE 0 mode and the TM p/2 pair cutoffsapproach one another, corresponding to the wellknown degeneracy of the

TM 11

and

TE 01

modes ofcircular waveguide. Since the TE 0 mode must bepropagating throughout the taper, some region inwhich the also propagates is inevitable.An example of a MAFIA simulated taper isshown in Figure 2. In order to be able to keep thecutoff of the second p/2 pair above 11.424, thetransition to circular is completed at a diameter of3.46 cm. Thus the outer diameter of the quatrefoil istapered down while the inner diameter is tapered up.The taper section of Figure 2 is 16 cm long, hasnegligible reflection loss, mean resistive loss of0.19%, and mean mode conversion loss (to

TM 11

) of0.011%. It is clear that the overall loss figures can beimproved by more careful taper design and by reducingthe length. In an optimum design, resistive lossesshould be comparable to other losses rather thandominant. Note that we specify mean losses (i.e.averaged over the three modes) for simplicity. This isappropriate both because the losses are small andbecause each particle bunch is accelerated by all of thestructure groups. Thus the acceleration of each bunchis the result of the accelerating gradient averaged overall of the launcher modes.IV. LAUNCHING INTO THEQUATREFOIL WAVEGUIDEThe launcher has four WR90 rectangularwaveguide ports, aligned so that rf is delivered bywaveguides approaching the quatrefoil sectionperpendicular to the axis of the quatrefoil waveguide,oriented so that the long side of the rectangular crosssection is parallel to that axis as shown in Figure 3.As discussed above, mode selection is made by meansof the relative phase of the

TE 10

modes in each of the

3Figure 2. One fourth the quatrefoil to circular taper, shown in perspective (MAFIA simulation).drive waveguides, and mode purity will be preservedby the launcher so long as the basic symmetries aremaintained. The basic design problem is to minimizereflection loss for both the 0 and p/2 modes. Anumber of different approaches were explored. Themost successful were found to be those conceptuallybased upon 90ß H-plane circular bends. Fitting suchbends into the geometry of the quatrefoil obviouslyinvolves some modification of the bend geometry.The most successful example obtained so far is thatshown in Figure 3. Mean reflection loss isminimized by first minimizing the difference betweenthe complex reflection coefficients of the two modesfor the geometry shown. A matching element such asa post or an iris designed to minimize the mean powerloss to reflection of the input waves can be inserted atan appropriate position in the WR90 sections of theFigure 3 launcher. For the design shown we find

S 11 0 ( )

= (0.2380, @75.34ß) and

S 11

2 ( / ) p

= (0.3544,@63.87ß). After insertion of the corrector, |

S 11 0 ( )

| =0.0866 and |

S 11

2 ( / ) p

| = 0.0434, and the mean loss is0.375%. This large reduction of the loss is possibleonly because the difference between the notinsignificant individual reflection coefficients is fairlysmall. The length along the axis of the Figure 3structure is 7.00 cm, 4.75 cm for the bend section and2.25 cm for the quatrefoil section. The wall lossesare approximately 0.07%.V. CONCLUDING REMARKSThe remaining parts needed for the launcher are ataper to the

TE 11

to

12

mode transducer, thetransducer itself, and a taper from the transducer to thelarge diameter waveguide that will be used fortransmission over the longer distances.A preliminary design by Calabazas CreekResearch, Inc. of the mode transducer has thefollowing characteristics. It consists of a circularwave guide with rippled diameter varying from5.02˚cm to 5.78 cm, remaining below the cutoff of

TE 02

to avoid

01

conversion. There are nineripples and the overall length is 58.5 cm. Theresidual

TE 11

amplitude, conversion to

TM 11

, andreflection into all three modes represent a loss of afew tenths of a percent. Wall losses are estimated toalso be about 0.3%. The perturbations are essentiallytransparent to the

TE 01

mode.This particular transducer requires two diametertapers, one from 3.46 cm to 5.02 cm and one from5.02 cm to 12.7 cm. These would be designed afterthe dimensions of the other elements are moredefinite. We emphasize that the design described hereis highly preliminary and subject to furtheroptimization.Figure 3. One fourth the launcher shown inperspective (MAFIA simulation).VI. REFERENCES[1] S.G. Tantawi, et al., "A Multi-Moded RF DelayLine Distribution System for the Next Linear Collider(NLC)," this conference.[2] H. Mizuno and Y. Otake, "A New RF PowerDistribution System for X Band Linac Equivalent toan RF Pulse Compression Scheme of Factor

2 N

,"Proceedings of the 1994 International LinacConference, p. 463 (1994).[3] K. Ko, Z. Li, and S. Tantawi, "Mode LauncherDesign for the Multi-Moded DLDS," this conference.