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Beamline tests on a series of waveguide models have 
recently been completed at the Boeing Radiation Effects 
Laboratory. The purpose of these tests has been to 
study beam excitation of the dipole modes which partici- 
pate in regenerative and cumulative beam breakup proces- 
ses in RF linac waveguides. Cell excitation patterns, 
dependence on transverse beam displacement from the 
axis and comparative excitation levels in waveguides 
of djfferent design were measured. 

Apparatus 

Four brazed copper waveguide models were designed 
and built for these studies. Two are of the convention- 
al disk-loaded type (Fig. l), one having a phase shift 
per cell of 2n/3 for the accelerating mode the other 
having a phase shift of 3rr/4. These models are 19 and 
18 cells long, respectively. The other two models are 
of the Boeing contoured cavity design which features 
larger beam apertures with nose cones and rounded cell 
contours (Fig. 1). These two contoured cavity wave- 
guides are 17 cells in length and are nominally identi- 
cal except that one of them has eight radial slots in 
each iris(Fig. 2). 

The cell dimensions of each of the test waveguides 
vary from cell to cell, modeling the appropriate taper 
for constant gradient operation in the accelerator mode, 
which is nominally at 2856 MHz. HEMII mode field pro- 

files in such guides are generally highly nonuniform. 
In fact. the lower frequency dipole modes are found not 
to propagate in the downstream end of the waveguide, 
but are generally confined to the first dozen or so 
cel1s.l 

In order to explore the cell excitation pattern of 
beam-excited dipole modes in these waveguides, magnetic 
loop probes are placed in each cell. A selection of ten 
of these probes, distributed along the length of the 
waveguide, was connected by low loss coaxial cables to 
the experimenter's area. There a preselected spectrum 
analyzer (Tektronix 492P) and synthesized signal gener- 
ator (Hewlett Packard 8672A) could be connected to any 
of the ten cables. Losses in the cables are typically 
5 dB each way at 4 GHz. 

The experimental layout is shown schematically in 
Fig. 3. After leaving the 10 MeV section of the linac 
and passing through a quadrupole focussing doublet, the 
beam enters a translator consisting of two sets of steer- 
ing coils separated by a 1.5 m drift. These coils en- 
able the operator to control both the displacement and 
angle of the beam as it enters the test waveguide. 

On either end of the test waveguide, stripline 
position sensors are mounted. These determine the 
transverse displacement of the beam at each end of the 
test waveguide. After passing through the final strip- 
line monitor, the beam is transported through a shield- 
ing wall and dumped. 

*Work supported by the Boeing Aerospace Co. and DARPA/ONR 
under contracts N00014-82-C-0548 and N00014-85-C-0039. 

Procedure 

The dipole modes of interest (the TMI1-like modes) 

could be excited by either the signal generator or by 
the beam. Excitation by the signal generator is CW, 
so that the spectrum analyzer may be used with a narrow 
resolution bandwidth which reduces the noise floor. 

Signal generator excitation is useful for frequency 
calibration and preselector peaking of the spectrum 
analyzer. It also enables the cell excitation pattern 
of the modes to be determined. 

Excitation by the beam is limited in these exper- 
iments by the maximum beam pulse length of - 8~s. In 
fact, we found the greatest excitation when the beam 
pulse was as short as practical, roughly 15ns full width. 
This means that the 0.5~s decay time of the dipole modes 
determines the signal duration at the spectrum analyzer. 
Best signal/noise ratio is obtained with 1 MHz resolu- 
tion bandwidth, the maximum available on the analyzer.2 

The general procedure followed was to determine 
which probe coupled best to the lower frequency modes 
of the TMII-like band, using the signal generator. 

Because of the orientation of the probes in the test 
waveguide, the largest signal results from vertical 
rather than horizontal displacement of the beam. A 
data acquisition computer was used to read out the 
stripline monitors and produce a beam path display for 
both horizontal and vertical planes. The usual dis- 
placement was 0.25cm above and parallel to the axis. 
The beam pulse used was nominally l.OA peak with a full 
width of 15ns. The linac repetition rate was 15Hz. 

The Tektronix 492P spectrum analyzer used is equip- 
ped with preselection and digital storage options. The 
preselector was essential for reducing spurious responses 
to a manageable number. It did, however, require rou- 
tine peaking. Digital storage, which included a "maxi- 
mum hold" function, was used to accumulate spectra over 
several minutes, allowing fairly fine features to be 
resolved. Usually, the sweep was set at the lowest 
available rate (50 seconds across the screen) to mini- 
mize the space between the 15Hz repetition lines. Four 
or five sweeps were required to clean up the repetition 
lines. In addition to selecting 1 MHz bandwidth for 
reasons discussed above, we used the "pulse stretcher" 
function and defeated the video filters for maximum 
response to short pulses. 

Results 

Figure 4 shows the beam-induced power spectrum in 
the third cell of the SLAC type waveguide model. For 
comparison, the TMll-like band power spectrum in the 

first cell, when the waveguide is excited in the third 
cell by the signal generator, appears in Fig. 5. Con- 
sistent with earlier reports from SLACI, the predominant 
excitation by the beam is in the lowest frequency mode. 
This turned out to be generally true for all four wave- 
guide models. 

Another characteristic of SLAC waveguide which 
appears to be generally true among our test models is 
that the strongest beam-induced HEMII modes do not 
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extend past the first ten or so cells. As an example, 
the cell excitation pattern for the unslotted contoured 
cavity model appeqrs in Fig. 6. 
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Figure 1. Longitudinal cross section of (a) disk- 
loaded and (b) Boeing contoured cavity wave- 
guides. 

HEMII Mode 

p/t? 

la 

3 -44 ! 1.4 28 ~ 

3 -43 .35 140 

3 -42 7.2 8.8 

3 -42 21 3.0 

3 -45 5.2 6.1 

1 -53 3.8 1.3 

&LOTS tiflEAK UP TRANSVERSE 

MODE WALL CURRENTS 

Figure 2. Radial iris slots in one of two contoured 
cavity waveguides. 
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Figure 3. Schematic beamline layout for observation of bealrl-induced dipole Imodes. 
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Figure 4. Sample beam-induced power spectrum seen in Figure 5. Dipole modes of the disk-loaded 2~/3 phase 

third cell of disk-loaded, 2a/3 phase shift shift waveguide. Signal is injected in 
waveguide. third cell, monitored in first cell. 
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Figure 6. Cell excitation patterns for three strongest 
beam-induced modes in contoured cavity wave- 
guide. 
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Figure 7. Deoendence of 3948 MHz induced signal on 
beam offset d in contoured cavity waveguide. 
Least squares fit has a slope of 5.7dB per 
factor of two dispiacement. 


