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Summary 

The on-axis electric field in a 22 cell Alvarez 
tank that models the 0.8 MeV to 2.8 MeV section of a 
268 MHz linac has been stabilized with post-couple~ 
at a constant spacing from the drift-tube. Measure
ments on field shaping with post-couplers show that 
a s~ep func~ion in the on-axis field can be produced 
by lntroduclng post-coupler asymmetries. This field 
shaping which can be used to allow a wide range of 
output energy variability from an Alvarez linac can 
be produced with post-couplers on each drift-tube or 
on every second drift-tube. 

Introduction 

Post-couplers in a drift-tube linac are im
portant in stabilizing the on-axis electric fields 
against tilts produced by mechanical 
errors 1,2. Recent ly it has been pro-
posed 3,4 that post-couplers could also be used 
to shape the on-axis fields along the linac length 
in a manner that would allow a wide range of energy 
variability for the output beam. Drift-tube linacs 
norr:lally have a very narrow range for the output 
energy. 

The long range goal for accelerator develop
ment at the Chalk River Nuclear Laboratories is the 
development of high current cw linacs suitable for 
electronuclear fuel breeding. Large frequency 
shifts can occur in such accelerator structures 
operated in the cw r:lode (l00% duty factor) because 
of the high average power dissipated in the 
structure walls. One or more mechanical tuners are 
requi red in each accelerator structure to correct 
for frequency shifts and to ensure that each 
structure operates at the same frequency. On-axi s 
fields were measured in a low power drift-tube 
linac model to determine optimum post-coupler 
dimensions that stabilize the structure against 
tilts introduced by adjustable tuners. During the 
course of these measurements, on-axis field shaping 
with post-couplers was investigated. 

Experimental Model 

On-axis fields were r:leasured on a 22 cell 
alur:linum Alvarez drifttube tank that was available 
from a previous experiment. Figure 1 shows a 
photograph of the 50 cm di ameter 372 MHz tank, a 
0.72 scale r:lodel of the 0.8 r~eV to 2.8 t~eV section 
of the 3 MeV High Current Test Facility linac 5• 
Drift-tubes were 98 mm diameter with a 11 mm diame
ter bore hole. The first and last full drift-tubes 
were 26.6 mm and 44.6 r:lm in length respectively. 
Field perturbations were introduced by adjusting 
the tank end plates to give a field tilt while 
maintaining a fixed resonant frequency. 

Initial experiments on field stabilization 
used 19 rlrl (nominal 3/4 inch) diameter rods for 
post-couplers. This diameter was chosen to be 

equa 1 to that of the dri ft-tube stems. Eccent ri c 
tabs with total areas 1.85 dnd 5.69 times the post
coupler cross-section were used for rleasurements 
involving field shaping. Three [lOst-couplers 
showing the different end arrangements are shown in 
Fig. 2 together with the first drift tube. 

Field Stabilization 

Field tilt is defined as the difference in the 
on-axi s el ectri c fi el d from one end of a tank to 
the other end divided by the average on- axis 
electric field. Adjustments of field tilt for the 
model tank were made by increasing or decreasing 
the length of the fi rst cell by 2 mm or 3 mrl with a 
movable end plate. Shifts of +1.0 MHz to -0.5 MHz 
in tank frequency were introduced by these adjust
ments. Since tilt measurements must be made at a 
fixed frequency the length of the final cell was 
adjusted to maintain a fixed frequency. The end 
plate shifts introduce severe distortions in the 
first and last cell lengths. Experimentally the 
tilt was found by averagi ng over the three cell s 
next to the end ones. 

Standard bead perturbation methods were used 
to sample the on-axis electric fields. First 
measurer:lents made without post-couplers showed a 
1 i nea r dependence of the til t on end plate 
frequency shift, with a slope of 57%/MHz. Ten 19 
mm diameter post-couplers were then installed and 
located opposite the even numbered dri ft tubes, 
alternating from side to side of the tank. 

Si nce the model represents the low energy 
sect i on of ali nac, cell 1 engths change fa i rly 
rapidly. The last drift-tube is almost a factor of 
two longer than the fi rst drift-tube. Initial 
measurements of tilt stabilization were therefore 
made with a smaller post-coupler-to-drift-tube 
spaci ng at the low energy end than at the hi gh 
energy end in an attempt to equalize the couplings. 
This approach results in the variation of two 
parameters namely the post-coupler-drift-tube 
spacing and the spacing increase along the tank 
length - making data analysis more complicated than 
necessary. An attempt was then made to stabi 1 i ze 
the fields with a constant post-coupler-to-drift
tube gap. At a spacing of 26.5 mm a tilt stability 
of less than 1%/MHz was achieved corresponding to a 
stabi 1 ity improvement by a factor of 57. Indi
vidually adjusting the spacing for each post
coupler did not lead to a significant improvement 
in tilt stability. 

Tilt stability is only one parameter that 
determines optimum post-coupler positions. The 
ratio of fields in all cells with and without post
couplers serves as a second parameter. Tilt 
stability may be improved by large post-coupler-to
drift-tube spacings but severe oscillations in the 
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field amplitude can result along the tank. At the 
optimum 26.5 mm spacing the ratio of fields without 
post-couplers to the fields with couplers is con
stant within 2%. 

Tilt stability measurements were also ~ade 
with the two different sizes of eccentric tabs. 
Shi fts of 1 ess than l%/MHz were achi eved in each 
case. The post-coupl er-to-dri ft-tube spaci ng 
required increased from 26.5 mm to 34.2 mm for the 
small tabs and to 54.2 mm for the large tabs. The 
tabs showed rlinor improvements in field smooth
ness. 

Field Shaping 

A perturbation of the symmetry of a post
coupler-drift-tube geometry such as tab rotation 
can produce changes in the on-axis electric fields 
along the linac length. Recently Swenson et 
al. 3 ,4 have proposed the use of perturbed 
post-couplers to introduce a sufficiently large 
step reduction in the on-axis fields that will drop 
the beam out of synchronism with the field in a 
programmed manner. This field reduction can give a 
wide variable-energy capability to a single-tank 
drift-tube linac. 

Experimental measurements were done to produce 
such a step reduction in the model tank by rotating 
post-coupler tabs. Initial measurements were made 
with 10 post-couplers opposite the even numbered 
drift-tubes, as above, and with the small eccentric 
tabs. Rotating tabs 90° from the symmetric verti
cal position resulted in a very small (1%) change 
per coupler indicating that the tabs were too 
srlall. Large tabs were then mounted on the posts; 
Fig. 3 shows the results of rotating 1, 2 or 4 
1 arge tabs 90° towards the hi gh energy or down
stream end of the tank. Tabs on the upstream and 
downstream post-coupl ers remai ned unchanged at 0°. 

The peak on-axis electric field is shown plotted 
relative to the field with all tabs vertical. 
Coupler numbering refers to the drift tube opposite 
which the coupler is mounted. (Coupler 10 there
fore is between gap 10 and 11.) The field 
reduction produced beyond the rotAted tabs is 5%, 
12% and 22% for 1, 2 or 4 tabs respecti vely. In 
addition to the field reduction in the downstream 
part of the tank, a fi el d increase of about 5% 
occurs over several cells upstream of the ones con
taining rotated couplers. Only the number of cells 
affected changes as the number of rotated tabs 
increases. Similar results were obtained for the 
pertu rbat ion begi nni ng in an ea rl i er or 1 ater cell. 
This then would be the mechanism to produce a vari
able energy drift-tube linac. By pre-programming 
the location of the perturbation, various energies 
can be achieved. (A step increase can similarly be 
produced by rotating tabs toward the upstream end 
of the 1 inac.) 

Various schemes of reducing the upstream field 
increase have been tried without success. Figure 4 
shows fields for a gradual rotation of the post
couplers by four successively larger steps (22.5°, 
45°, 67.5°, 90°). The net resul t was to increase 
the number of cells across the step and to decrease 
field step from 22% to 16%. 

Ti lt stabi 1 ity was checked for post -coup 1 ers 

rotated 90° downstream. Rotating 4 tabs 90° intro
diKed a 6%/MHz shi ft and rotating all 10 tabs 90° 
introduced a 12%/MHz shift. To stabilize the tilt 
to < l%/MHz with 4 tabs rotated 90° as shovm in 
Fig. 3 required an increase in the coupler-to-drift
tube gap from 54.2 mm to 56.2 mm on all couplers. 
No significant change in the field pattern occurred 
with this spacing change. 

For a second series of measurements post 
couplers with large tabs were installed opposite 
each Mift-tube. As described before, successive 

couplers were located at alternate sides of the 
tank. Tilt stabilization to < l%/MHz was achieved 
at a constant spacing of 52.0 mm for all 21 post
couplers. This spacing was 2.2 mm closer than that 
for the 10 post-coupler measurements associated 
with post-couplers opposite only even-numbered 
drift-tubes. 

Figure 5 shows normalized peak on-axis 
electric fields for the 21 post-coupler arrangement 
with 1, 3 and 6 tabs rotated 90° towards the 
upstream end. Field reductions of about 2%, 6% and 
14% respectively are produced in cells beyond the 
perturbed tab location. Field perturbation per tab 
is a factor of two sma 11 er than the case of the 
same area tabs on 10 post-coupl ers opposite even
-numbered drift-tubes. This is at least partly the 
result of a compensating effect on the asymmetry by 
the tab from the adjacent cell. Again, similar 
results are obtained if the location of tab pertur
bations is centred about different cells than shown 
in Fi g. 5. 

A field increase is again evident in gaps 
upstream of the rotated couplers but the number of 
gaps affected is less. The magnitude of the 
increase depends on the number of rotated coupl ers 
- an effect not observed in the 10 post-coupler 
measurements. 

Figure 6 shows the field step produced by 6 
couplers all rotated 90° compared in four suc
cessively larger 22.5° steps with the last two tabs 
at 90° and compared to six tabs rotated by suc
cessively larger 15° steps. Field reduction down
stream of the rotated couplers is largely unchanged 
while the field increase upstream can be reduced by 
a factor of 3 using this procedure. No such 
reduction was observed in the 10 post coupler 
case. 

Figure 7 shows the normalized field produced 
by six successively larger 15° step tab rotations 
beginning at drift tubes 7, 10 and 14. Slightly 
larger steps are produced as the starting location 
moves downstream. This effect is likely the result 
of increased perturbation with increasing drift
tube length. 

As a final confirmation of the procedure, tilt 
stability with the case of six couplers rotated 90° 
was found to be essentially unchanged from the 
l%/MHz value observed with all tabs vertical. 

Conclusions 

In addition to their usual function 
viding field stability, post-couplers can 
to introduce a step reduction in the 
electric field along a drift-tube linac. 

of p ro
be used 
on-axis 

Unfortu-
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natelya field increase is also introduced in cells 
upstream of the perturbed ce ll s. The magnitude of 
this upstream perturbation can be reduc ed by intro
ducing a gradual ce ll-to-cell tab rotation for the 
case with post-couplers adjacent to each drift-tube 
but remains unchanged for the case with couplers on 
every second drift tube. With post couplers on 
each drift tube, tilt stability is not disturbed by 
tab rotation. This stability is partially 
destroyed with tab rotation when post-couplers are 
placed opposite every second drift-tube but can be 
regained by a small increase in the post-coupler
to-drift-tube spacing. 

Measurements on stable field steps reported 
here are only associated with a rotation of the 
eccentric tab on the end of the post-coupler 
because this was the easiest procedure to perform 
in the laboratory. Obviously many other schemes 
can be employed such as movement of the post
coupler to an asymmetric location or the extension 
of the end of the post-coupler in an asymmetric 
manner. The effects the introduction of a step has 
on drift-tube and post - coupler stem currents and 
the associated consequences they have on the 
cylindrical outer wall joint have not been investi
gated. Suc h measurements would be difficult for 
low-power rf systems and woul d best be done on 
high-power rf systems that are properly instru-
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Fig. 2 Post couplers and tabs shown with drift 
tube number 1. 
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