SLAC—PUB—7340November 1996Cold Test Results of a Standing WaveMuffin-tin Structure at X-band*P.J. Chou, S.M. Hanna, H. Henke, A. Menegat, R.H. Siemann, and D. WhittumStanford Linear Accelerator CenterStanford University, Stanford, CA 94309AbstractAmuffin-tin structure is chosen to study high gradient acceleration inthe millimeter wavelength range. In order to understand theelectromagnetic field characteristics, a standing wave structure operatingat a frequency around 11.4 GHz was built. Cold test measurementswere performed and results are presented. Comparisions withtheoretical predictions based on computer simulation are shown.Contributed to the 7th Workshop of Advanced Accelerator ConceptsLake Tahoe, California, October 12- 18, 1996

* Work supported by Department of Energy contract DE—AC03—76SF00515.

21. INTRODUCTIONThe muffin-tin structure[1] is chosen for development of high gradient (‡ 1GV/m) acceleration at SLAC. The operating frequency is tentatively chosen around32 times SLAC frequency (325 2.856 GHz). The size of accelerating structures inthis frequency range is at the millimeter scale. RF measurements of acceleratingstructures in this frequency range have never been performed. Since it is importantto characterize the electromagnetic field of mm-wave accelerating structures, it isnecessary to first perform RF measurements at lower frequencies. Those canprovide useful information about the field configurations of muffin-tin structures.A standing wave muffin-tin structure was built at an operating frequency (45 2.856GHz) in the X-band. Measurement results for the standing wave muffin-tinstructure at X-band are presented. Conceptual descriptions of RF measurements inthe mm-wave range are described.There are five full cells and two half cells in the muffin-tin structure. Thisdesign is chosen to imitate the field configurations of a 2p/3 mode traveling wavestructure[1]. At each end of the muffin-tin structure there is a circular hole ofdiameter 0.086" drilled through the center. These holes are used to insert RFprobes.2. MEASUREMENTSAn E-probe is inserted through a hole for signal detection as shown in Fig.1. Reflection measurements were first performed to scan the contents of variousmodes in the frequency domain.

E-probeFig. 1: E-probe placement for signal detection.

3The reflected signals are given in Figs. 2, 3, and 4. Figure 2 shows thefundamental mode. Each cavity cell can be viewed as an harmonic oscillator. Sincethere are 7 cells in the structure coupled together through iris openings. Therefore,one expects to observe 7 resonant modes. Each spectral line in Fig. 2 correspondsto one mode. The measured frequency for the 2p/3 mode used for particleacceleration is 11.6475 GHz; the calculated value from MAFIA[2] simulations is11.5619 GHz.

S11 measurementFrequency [GHz]

LogMag [dB]- 4 0 - 3 0 - 2 0 - 1 0 01 1 1 1 . 2 5 1 1 . 5 1 1 . 7 5 1 2 0p/6p/3p/22p/35p/6p

Phase [degree]- 1 8 0 - 9 0 09 0 1 8 0 1 1 1 1 . 2 5 1 1 . 5 1 1 . 7 5 1 2 Fig. 2: The measured frequency spectrum of reflected signal from 11 to 12 GHz.

S11 measurementFrequency [GHz]

Phase [degree]- 1 5 - 1 0 - 5 01 9 2 0 2 1 2 2 21.193820.5488

Phase [degree]- 1 8 0 - 9 0 09 0 1 8 0 1 9 2 0 2 1 2 2 Fig. 3: The measured frequency spectrum of reflected signal from 19 to 22 GHz.

S11 measurementFrequency [GHz]

LogMag [dB]- 3 0 - 2 5 - 2 0 - 1 5 - 1 0 - 5 02 2 2 3 2 4 2 5 22.562522.637524.0513

Phase [degree]- 1 8 0 - 9 0 09 0 1 8 0 2 2 2 3 2 4 2 5 Fig. 4: The measured frequency spectrum of reflected signal from 22 to 25 GHz.

6The axial field profile was measured by performing bead pull measurements[3, 4]and recording the shift of resonant frequency for the 2p/3 mode. By using a smallcylindrical bead made of metal and moving it along the longitudinal axis withouttransverse offsets, the normalized amplitude of the accelerating field can bemeasured. The experimental setup is depicted in Fig. 5. The X-band muffin-tinstructure has a longitudinal length of 2.07". The measured frequency shift for the2p/3 mode as a function of the bead position along the longitudinal axis is given inFig. 6.

network analyzer

HP 8510C

12muffin-tin structure one ounce weight nylon string witha diameter of 0.006" coupling loop usedfor signal detection bars used to prevent thestring from swinging coaxial cable withouter diameter of0.086" micrometerFig. 5: The experimental setup for bead pull measurements.

Bead-Pull Measurementposition [inch]

Frequency shift [MHz]- 2 - 1 . 5 - 1 - 0 . 5 00 . 5 0 . 0 4 1 . 0 4 2 . 0 4 Fig. 6: The measured frequency shift for the 2p/3 mode asafunction of the beadposition along the longitudinal axis. The length of the structure is 2.07".For conceptual illustration, a simulated field profile for the 2p/3 mode along thelongitudinal axis of a structure with 2 oscillation periods is given in Fig. 7. Onlythe first three space harmonics are used in the calculation.

2*Pi/3 Modeposition

Ez-1.5-1-0.500.510246Fig. 7: The simulated field profile along the longitudinal axis of astructure with 2oscillation periods. The units are arbitrary.

8The measured results of loaded Q-factor are given in Table 1 and the calculatedresults for 2p/3 mode from MAFIA[2] simulation are given in Table 2.Frequency [GHz]Loaded Q-factor11.6475165822.5625133622.6375231724.05051253Table 1: The measured results of frequency and Q-factor for various modes.Frequency[GHz]UnloadedQ-factorR/Q [W]Shunt Impedance [MW]11.561968171270.8722.0781101039.30.0923.6769112957.40.08Table 2: The calculated parameters for the 2p/3 mode of X-band muffin-tin structure.3. MEASUREMENT METHODS IN THE MM-WAVERANGEBy using the nonresonant perturbation measurement[5, 6, 7], one canmeasure the amplitude and phase of the accelerating field. The information neededis the difference between the unperturbed input reflection coefficient

S11u

and theperturbed input reflection coefficient

S11p

with a bead inside the structure. Themathematical expression of this statement is as follows:

ΔS11(z) = S11p (z)− S11u (z) = A E(z)2 e− 2jθE(z)

where z is the longitudinal coordinate, qE(z) is thephase advancealongthelongitudinaldirectionof thestructure, E(z)is theacceleratingfield, andAis aconstantwhich depends on theinputpower andthebeadcharacteristics. Sincea

9vector network analyzer for millimeter wavelengths is quite expensive, analternative option depicted in Fig. 8 is being considered for bead pull measurementsin the millimeter wavelength range.

spectrum analyzer

input

L.O.GPIBcomputer

WR10

x 5 freqmultiplifier

IFmuffin-tinstructure

20 dB

10 dB

RF mixer

L.O.~ 850 MHz

isolator

lock-in amplifierDC- 100 kHz

IFlow noiseRF amplifier

optical translational stage

mm-wavemixer

IFRF mixer

low noiseRF amplifier

IFABFig. 8: Conceptual block diagram of experimental setup for RF measurements in themillimeter wavelength range.The operating frequency of the mm-wave muffin-tin structure is around 92GHz. A HP8673 frequency synthesizer and a 5 times frequency multiplifier areused to generated the 92 GHz source signal. The incident signal is monitoredthrough a 20 dB WR10 waveguide coupler. There are two stages of signal mixingoccurring after the WR10 coupler. The signal is mixed down to an intermediatefrequency around 850 MHz by a HP11970W mm-wave mixer which uses the 18th

10harmonic of the spectrum analyzer local oscillator. The average conversion loss ofthe mixer is about 42 dB. The output signal from the mm-wave mixer, after thefirst mixing stage, goes through a low noise, narrow-band, RF amplifier (centerfrequency » 850 MHz, bandwidth £ 20 MHz). After the low noise RF amplifier,the signal goes to the second mixing stage which mixes the signal down to theaudio frequency range (£ 100 kHz). A lock-in amplifier is used to detect theamplitude and phase of the input signal. The reflected signal follows the sameprocedures for signal processing. The lock-in amplifier takes the input signal fromport A as the reference, then it gives the amplitude and phase of the signal from portB with respect to the reference as the output. Therefore, one can use the sourcesignal as the reference and measure the amplitude and phase of reflected signalswith and without the perturbing object in the structure.To perturb the field inside the mm-wave muffin-tin structure, a small bead isneeded. Hollow metallic cylinders with diameters ranging from 25 to 127 mm withan approximate length of 500 mm have been fabricated by sputtering aluminum ontosilica optical fibers and nylon surgical thread for bead pull measurements[3].Further miniturization of metallic beads can be achieved by using this sputteringtechnique. Because the diameter of the string used in bead pull measurements forthe mm-wave muffin-tin structure must not be too large (£ 25 mm), the string willbe fixed on two supporting arms which will be mounted on an optical translationalstage. An operator can then move the thin string by shifting the translational stagewhich provides one micron or better accuracy. This arrangement also avoidsbreaking the thin string used to support the metallic bead.Since the source signal will contain different harmonics of the frequencymultiplifier, care needs to be taken in order to remove them in the signal processing.The nearest spurious harmonic is 22 MHz away from the desired signal (Fig. 9).

-60dbm

-50-40-30-20-1090.2GHz

90.190.089.989.8Frequency

Fig. 9: The spectrum of output signal from the frequency multiplifier.

114. SUMMARYResults of the measurements of the X-band muffin-tin structure have beenpresented, however more work needs to be done to improve the accuracy of thesepreliminary experimental results. An alternative scheme for performing RFmeasurements for the mm-wave muffin-tin structure without the use of a vectornetwork analyzer has been presented. This work will help develop a betterunderstanding of the properties of mm-wave muffin-tin structures.ACKNOWLEDGMENTSThe authors would like to thank C.K. Ng and R.H. Miller for helpfuldiscussions.REFERENCES[1] R.B. Neal et al. (eds.), The Stanford Two-Mile Accelerator (Benjamin, NewYork, 1967), p. 127.[2] The MAFIA collaboration, F. Ebeling et al., MAFIA User Guide, 1992.[3] P.J. Matthews et al., IEEE Trans. Microwave Theory Tech., vol. MTT- 44(1996), p. 1401.[4] L.C. Maier and J.C. Slater, J. Appl. Phys., vol. 23 (1952), p.68.[5] C.W. Steele, IEEE Trans. Microwave Theory Tech., vol. MTT- 14 (1966), p.70.[6] K.B. Mallory and R.H. Miller, IEEE Trans. Microwave Theory Tech., vol.MTT- 14 (1966), p. 99.[7] S.M. Hanna et al. in Proceedings of 1996 European Particle AcceleratorConference (to be published).