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Summa ry 

A high-power resonant load has been constructed 
at Chalk River as part of a program to develop high
current cw linacs. The aluminum load designed to 
dissipate 400 k\~ cw is resonant at 270 MHz to be 
compatible with an existing rf amplifier. It has 
been designed for high-power testing of accelerator 
components such as coupl i ng loops, loop wi ndows and 
tuners. Eleven ports have been built into the 
cylindrical geometry to test flexible drift-tube and 
post-coupler suspensions as well as several types of 
metal-vacuum seal s. Mechani cal and rf desi gn 
details are discussed. 

Introduction 

A program is underway at the Chalk River 
Nuclear Laboratories (CRNL) to study high current cw 
linacs that could be used for breeding of fissile
fuel for nuclear power stations. Present estimates 
indicate that a 1 GeV proton accelerator with a 300 
mA average current wi 11 be requi red to produce fuel 
at a viable cost. Detailed studies of the first 10 
MeV of such an accelerator are underway at CRNL and 
are described elsewhere 1,2). 

An Alvarez accelerating section will be used in 
the 10 MeV linac to accelerate the beam above 2 MeV 
and wi 11 requi re rf dri ve loops and vacuum wi ndows 
individually capable of coupling cw power levels in 
the 500 k\~ range. A high power resonant load is 
bei ng bui lt at CRNL to provi de a test facil ity for 
loop and rf wi ndow development as well as to test 
cavity components such as post-coupl ers, drift-tube 
suspensions, and tuners; all of which are subjected 
to much higher average power densities than are 
normally encountered in lOW-duty factor acceler
ators. 

Basic Design Criteria 

Existing rf equipment dictated a load frequency 
in the range 265-275 MHz and a maximum load power of 
'" 400 kW. Acyl indrical geometry with a diameter of 
83 cm (d = 0.766 :\) was chosen correspondi ng to a 
frequency of 276.5 MHz. Cavity openings for pump 
ports, tuners, etc., and the addition of a drift
tube test assembly reduce the frequency to approxi
mately the middle of the tuning range. Aluminum was 
selected as the shell material for fabrication 
reasons and aIm cavity length was selected as a 
suitable compromise between acceptable power density 
and compact size. A nominal 1.25 cm wall thickness 
is used for the cavity for vaCUUr:1 and mechanical 
stability. 

A cross-sectional view of the resonant load is 
shown in Fig. 1. The axis of the cylindrical load 
is vertical to allow easy access to numerous ports. 

The bottom of the cylinder is welded to the walls 
while the top cover is removable to allow access to 
various internal test components. A Helicoflex 
gasket wi 11 be used to provi de the vaCUUr:1 and rf 
seal for the cavity top. Vacuum pumping is provided 
by a 1000 £/s ion pump. Additional pumping speed 
may be required at high power operation and can be 
supplied by a titanium sublimation pump. 

In addition to the rf coupling loop and vacuum 
pumping openings, eleven ports have been built into 
the cylinder walls for inserting and viewing test 
components as well as for sampling the rf fields. 
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Cross-sectional schematic view of resonant 
load. 

Cooling Design 

Water cool i ng for the resonant load has been 
designed to limit the maximum temperature rise to 
10°C at a load power of 500 kW. At this power level 
the average power density is '" 13 IJ/m 2 on both 
the cylindrical walls and the end plates. About 113 
of the cavity power is dissipated in the end plates. 
A philosophy of maximun wetted area has been used 
for the cooling scheme with only modest flow veloci
ties. 

The cylindrical walls of the rf cavity are sur
rounded by an outer aluminum shell that provides a 3 
r:1m thick cooling annulus the entire length of the 
load. This annulus is joined to the bottom end 
plate. Water is fed from the cent re of the tank 
bottom (Fig. 1) and discharges into a header at the 
tank flange. This cool ing stream with a flow rate 
of 10 £is wi 11 remove'" 83% of the 1 oad power. A 
separate cooling stream feeds the upper end plate. 
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Cool i ng jackets have been wel ded around the 
tuning plunger sleeves where past experience with cw 
accelerator operation indicates heating can occur. 
The vacuum pu~ping aperture is formed by seven ~ 1? 
mm diameter aluminum pipes that are welded into the 
pumping port parallel to the cylindrical axis and 
through which water is passed. ' 

Seal Test 

Electrical seals for removable cavity end 
plates and components such as drift-tubes have pro
vided many problems for the operation of accelerator 
cavities. These problems are particularly acute for 
cw operation due to the high average power loss that 
occurs across ohmic joints. Girder suspension 
designs for drift-tubes such as developed at 
CERN3) decrease or perhaps even el imi nate the 
need for removable end plates. However, the rf con
tact seal problem is then transferred to one of 
sealing the girder-to-tank interface. 

The lower end plate on the resonant load is 
welded to the cylinder walls with a full penetration 
external weld to test the possibility of this con
struction technique for an Al varez end wall. The 
upper end plate seal is shown in Fig. 2. An 83 cm 
diameter, 6 mm cross-sectional diameter Helicoflex 
seal is used to provide both the vacuum and rf seal. 
The current density (6000 A/m) value across this 
interface wi 11 be at 1 east as hi gh as that expected 
across a gi rder-to-tank joi nt and the experiment 
will serve as a rigorous test of the seal. 
Provision has been made to copper plate the seal 
contact areas if required and both copper and 
aluminum seals have been obtained. An '0' ring 
groove has been machi ned in the tank fl ange and an 
elastomer seal can be used as back-up should the 
Helicoflex seal vacuum properties degrade due to 
mechanical problems or high rf power. 

Helicoflex seals are also being used for both 
the tuner and coupling loop vacuum seals. In both 
these cases the groove in the flanges has been 
designed to allow substitution of an elastomer seal. 
One additional test port has been specifically 
designed to test Helicoflex seals of various diame
ters and at two rf field levels by suitable location 
of the joint. 

A simple method of J01n1ng aluminum to other 
metals has recently been developed for the Aladdin 
rf accelerator cavities 4). This method, based 
on an inexpensive commercially available aluminum 
Mott 5 ) gasket, will be used on the remaining 
nine cavity ports that are exposed to rf fields. 
The seals will be used to attach standard stainless 
steel conflat flanges to the aluminum cavity. 
Several techniques of depositing a copper layer on 
the stainless steel flange surfaces to reduce rf 
heating are being investigated. 

Rf Drive 

Power for the resonant load will be supplied 
from a cw amplifier using a RCA2054 VHF triode capa
ble of delivering in excess of 400 kW. D~tails of 
the rf system are published elsewhere 6). The 
rf is coupled to the load via a nominal 23 cm (9 in) 
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Fi g. 2 End plate-to-cylinder seal. 

diameter dri ve loop located at the mi dp 1 ane of the 
cylinder. The drive loop with vacuum window 
located 5/12 'h from the loop end has been des i gned 
to allow numerous loop and window tests. Details of 
the coupling loop are the subject of a separate 
paper?) at this conference. 

Tuners 

Two ports capable of accommodating nominal 15 
cm diameter slug tuners have been provided to allow 
adjustment of the load frequency and fi~ld tilt. 
These ports for testing tuner construct10n tech
niques are centred at 25 cm from each end plate and 
are arranged at a +90 0 and -90 0 axial orientation 
with respect to the drive loop. 

A cross-sectional diagram of the tuner design 
is shown in Fig. 3. The plunger outside shell made 
of copper has an outside diameter that is 2 mm 
smaller than the sleeve inner diameter. There 1S 
sufficient thickness in the shell wall to decrease 
this diameter by 2 or 3 mm should multipactoring or 
sparking problems require. The plunger has a stroke 
length of 10 cm and at maximum penetration extends 8 
cm into the cavity. 

Experience with drift tube stems on a cw 
Al varez accelerator 8 ) shows that major effort 
is required to reduce the rf currents that can reach 
thin walled items such as bellows. Spnng contacts 
on fi nger stock can be used to short rf fi el ds but 
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Fig. 3 Cross-sectional view of tuner. 

at hi gh duty factor a large rf field attenuation is 
first required. The 1 mm thick annular space 
between the plunger head and the cavity sleeve has a 
minimum length of 8 cm and should greatly reduce the 
rf fields beyond the plunger. A second attenuating 
path is provided in the opposite direction between 
the inside wall of the plunger and a central support 
tube. Both of these surfaces are made of stainless 
steel to spoi 1 the Q of any i nadvertant resonances 
that may occu r in the regi on with rf ha rmoni cs. 
These two hi gh resistivity surfaces should further 
attenuate the rf field. The plunger inner wall is 
water cooled while air cooling (not shown in the 
Figure) is provided for the support tube and bellows 
exteri or. Grooves have been machi ned into the out
side of the support tube to test two different types 
of contact springs. 

One end of the stainless stee l be llows (Fig. 3) 
is welded to a conflat flange which is sealed to the 
central support tube. A cuff attached to the other 
end of the bellows is welded to the central water 
cooling channel. The conflat flange can be unbolted 
from the assembly and the cuff wel d can then be 
ground off allowing a relativel y easy method of 
repairing or replacing the bellow s . 

Thermocouples (not shown) have been attached to 
the ins i de of the support sleeve to mon itor the 
sleeve temperature . The outside of the aluminum 
tank port sleeve is cooled by a cooling jacket 
welded to the structure. 

Experimental Ports 

Eight additional ports exist in the rf cavity. 
The locations and purposes of all ports are summa
rized in Table I. Axial positions are referenced to 
the top end plate while orientation is clockwise 
rel at i ve to the rf dri ve 1 i ne as vi ewed from the 
top. 

A number of drift tube tests, primarily related 
to drift-tube stem suspension and bellows heating, 
are planned. A rigidly suspended 16.5 cm diameter 
drift-tube with a length appropri ate to a 100 MeV 
accelerating cell has been constructed for the 
initial tests. Post- coupler to drift-tube coupling 
effects and sparking tests are other experiments 
planned. A viewing port has been provided to allow 
remote viewing of the drift-tube and post-coupler 
during high power operation. 

Table 1 

RESONANT LOAD PORTS 

Distance from Orientation Diameter Purpose 
Top (cm) (cm) 

25 450 5 Drift-tube tests 

900 3.8 Field probe 

1350 5 Post-coupler tests 

2250 

6 Helicoflex tests 

2550 
3 .8 Drift-tube and post-coupler viewport 

2700 15 Tuner 

3150 5 Spare 

50 00 25 V.F. drive loop 

1350 3 .8 Drive loop viewport 

1800 32 Vacuum manifold 

75 900 15 Tuner 

2250 3 .8 Field probe 

2700 
3.8 Tuner viewport 

Status of Construction 

The cylindrical load and its end plate are 75% 
complete. Vacuum blanking flanges will be used on 
the tuner, post-coupler, and drift-tube ports for 
initial measurements. One tuner is now partially 
assembled and construction of the second will await 
initial test results of the first unit. The 
coupl ing loop is essentially complete and initial 
low power testing of the load is expected shortly. 
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