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Abstract 
Primary rf input couplers for the superconducting 

accelerating cavities of the TESLA electron linear 
accelerator test to be performed at DESY, Hamburg, 
Germany are under development at both DESY and 
Fermilab. The input couplers consist of a WR6SO 
waveguide to coaxial line transition with an integral 
ceramic window, a coaxial connection to the 
superconducting accelerating cavity with a second ceramic 
window located at the liquid nitrogen heat intercept 
location, and bellows on both sides of the cold window to 
allow for cavity motion during cooldown, coupling 
;Ldjustments and easier assembly. To pertnit in situ high 
peak power processing of the TESLA superconducting 
accelerating cavities, the input couplers are designed to 
transmit nominally 1 ms long, 1 MW peak, 1.3 GHz rf 
pulses from the WR6SO waveguide at room temperature to 
the cavities at 1.8 K. The coaxial part of the Fermilab 
TESLA input coupler design has been tested up to 1.7 MW 
using the prototype 805 MHz rf source located at the A0 
service building of the Tevatron. The rf source, the testing 
system and the test results are described. 

I. INTRODI~JCTION 

TESLA [l] is a proposed SO0 GeV center of mass 
energy e+e- linear collider utilizing superconducting rf 
accelerating cavities. An international effort under the 
direction of DESY is collaborating to assemble a TESLA 
test facility at DESY including a11 electron source:, 40 m 
of superconducting accelerating cavities, cryostats, 
accelerating rf, beam diagnostics, a II cl t Ii e 
infrastructure necessary to produce and test the 
superconducting cavities. 

A TESLA accelerating module corlsists of a cryostat 
nominally 10 m long and contains 8 niobium 
accelerating cavities. Each accelerating cavity is 
nominally 1 m long and contains 5) contiguous niobium 
accelerating cells that are tuned to 1.3 GHz. Each 9 cell 
cavity is excited in the pi mode with a single input 
coupler. 

Input couplers are under development at DESY [2 ] 
md Fermilab [y 1. The Fermilah input coupler design is 
shown in Figure 1. The function of the input coupler is 
to transmit the rf energy from the klystron power 
distribution system, WR6SO waveguide ;tt room 
temperature, to the cavities at 1.8 K. The cylindrical 
cemmic wintlow within the WRhSO “tloorknoh” transition 
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Figure 1. TESLA input coupler tested at AO. 

isolates the pressurized w:lveguide from the required high 
vacuum of the cold coaxial section. The conical ceramic 
window maintains the ultraclean environment required by 
the superconducting cavities during their assembly and 
testing. During normal operation, this window acts as 
backup to the warm window and prevents contamination 
of the entire accelerator in the event of a warm ceramic 
window firilure. 
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Normal operating conditions for the coupler 
during beam acceleration are a peak power of 200 kW, a 
nominal 2 ms pulse length and a pulse repetition rate ot 
10 Hz. An estimated 1 MW peak power with reduced 
pulse length and repetition rate to keep the average coupler 
power unchanged, is necessary if in situ high peak power 
conditioning of the cavities is planned. At this peak power 
level, the performance of the coupler, and in particular, 
the behavior of the ceramic windows and bellows, can IIO 

longer be reliably predicted, and at the very least, careful 
initial rf conditioning of the coupler is expected to be 
necess:cry before it functions reliably. 

As an rf system at 1.3 GHz and at ;I peak power level 
above 1 MW is currently not available to us, we have used 
the operating spare klystron of the Fermilah linac upgrade 
[4 ] to test the coaxial part of the Fermilab TESLA input 
coupler. This source is located in the A0 service building 
of the Tevatron where it was previously used to rf 
condition the Fermilab Linac IJpgrade accelerating 
cavities. The rf source produces 120 ps long, 12 MW peak 
power rf pulses at a frequency of 805 MHz. Except for 
multipactoring, the difference in operating frequency does 
not significantly affect the behavior of the coaxial part of 
the input coupler as it was designed to have a constant SO 
ohm impedance throughout, and the conical ceramic 
window is “thin”. The complete coupler, including the 
“doorknob” transition with its narrow band width, will be 
tested at a later date with a 1.3 GHz rt’ system under 
assembly at Fermilab. 

II. GEOMETRY AND INSTRUMENTATION 

The goals of the rf tests at A0 were to subject 
TESLA input coupler components to peak power levels at 
least equal to their 1 MW design level, to find the rf 
breddown thresholds by raising, if necessary, the peak rl 
power above 1 MW , and to determine the locations and 

mechanisms of the rf breakdown. These goals 
necessitated a somewhat more elaborate test geometry than 
normally used to condition rf components. 

The test equipment that has been added to the A0 rf 
system is depicted in Figure 2. The rf power enters and 

leaves the test equipment through the two WRO7S to 3 I/X 
inch coax couplers shown at the bottom of the figure. 
Not shown are the forward and backward directional 
couplers in the waveguide upstream of- the test insertion to 
measure the rf power, and the waveguide ceramic windows 
contiguous to the WR97.5 couplers to ~rllow high vacuum in 
the test device. Two standnrtl 3 l/X inch rigid coax 
sections, each 12 inches long, and two rigid 3 l/K inch 
coaxial elbows complete the rf circuit. The test geometry 
is physically symmetric relative to the test device. The 
coaxial part of the TESLA input coupler tested has an 
outer coaxid di‘ameter between 4 cm to 6 cm. Therefore, 
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A0 TEST SETUP 

TP: TURBO PUMP 
,G: ION GAUGE 
RCA: REStGUAL GAS ANALYZER 

GW: GLASS WINDOW 
VP: VOLTAGE PROBE 

Figure 2. Test geometry used to test the input coupler 

conical transitions were used to match the inner and outer 
coax conductors to the 3 l/X inch rigid coax on either side 
of the test device. The rf insertion is approximately 
matched ancl most of the power is absorbed by an rf load 
located downstream of the test circuit. 

Four turbo pumps were used to evacuate the test 
volume. Four ion gauges and ;I residual gas analyzex 
were used to monitor the vacuum during pumpdown awl 

during the rf testing. Six glass windows. two in line with 
the test device (GW 1 and (;W3) and their associated 
photomultipliers were used to monitor the light output 
within the test volume. Two additional windows, one 
glass with a photomultiplier ;md one KBr window for 
an infrared monitor, were mounted on either side and close 
to the cold TESLA window to monitor this critical area. 
Finally, 8 rf voltage taps spaced l/8 wavelength apart, 4 
upstream and 4 downstream of’ the test device, were 
available to locate :I breakdown region in the event that the 
breakdown reflected ;I measurahlc amount of rf power. 

The controls of the A0 rf system contain X 
triggerahle d:tta recording ch:mnels that were intended to 
record transient signals during klystron modulator 
performance checks or fault diagnosis. Each data channel 
consists of :I digitizer conncctcd to ;I 120 ps circular 
buffer with ;I 1 ps time resolution. These channels were 
;ivailahle for traIlsient analysis. In dlition, a single data 
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point per channel was recorded 4 times per minute ailrl 

stored in a Sun Work Station to maintain a slow time 
record of the test over many days. 

III. PROCEDLJRE 

During the test, the rf pulse length and pulse repetition 
rate were maintained at 120 ps and 15 Hz, the maximum 
available from the A0 rf system. The average vacuum at the 
start of the test was 2.8 10-7 torr. The peak rf power was 
increased in steps; the amplitude increase per step was 
determined by the vacuum pressure which was arbitrarily 
maintained below 2.0 10-6 torr. The vacuum pressure was 
allowed to recover at constant rf power until it reached ;I 
pressure of 4.0 IO-7 torr at which point the rf power was 
again increased. The power threshold at which the vacuum 
first responded to the rf was 3.6 kW. 

The photomultipliers were calibrated by measuring 
their outputs when located at the same position. Their 
outputs indicate relative light intensities as a function of rf 
power, time, and location. The photomultiplier outputs 
were continuously observed during the coupler conditioning 
but were not used to determine the rate at which the rf 
power was increased. 

The temperature of the conical ceramic window was 
monitored with an infmred detector looking directly at the 
ceramic, and with two thermocouples located on the outer 
coax conductor near the location where the ceramic was 
attached with a braze joint. These thermometers were 
monitored to prevent damage to the ceramic due to thermal 
stress, and to record the heating rate of the ceramic as a 
function of rf power through the ceramic window. 

IV. RESI JLTS 

Testing has been in progress for one week. The 
coupler was conditioned to ;I 1.4 MW peak power level 
within three days. This time could have been reduced to 
two days with an automatic conditioning system as the 
system was operated at a constant reduced power level 
(20kW and 100 kW) while unattended overnight. Since this 
initial conditioning, the coupler has operated without 
interruption for 40 hours at ;I peak power level of 230 kW, 
for 16 hours at 1 MW, and 1 hour at 1.7 MW. 

During conditioning, the klystron shut off twice due to 
a klystron window spark and/or high reflected rf power. 
The first trip occurred at 1.3 MW. The cause of this trip has 
not been established. The second trip occurred at 1.44 MW 
and was caused by a spark downstream of the conical 
window, perhaps in the 4 cm region of the coupler or in the 
3 l/8 inch transition. This sp‘ark was isolated through high 
light output at GW3 and GW4, the photomultipliers 
mounted downstream of the conical window, by low light 
output from the photomultiplier mounted hy the conical 

window, and by the high vacuum pressure downstream of 
the conical window. Since then, several more sparks have 
occurred, apparently in the downstream region, all at or 
above a peak power level of 1.4 MW. 

Steady light related to the rf power has been observed 
by the photomultiplier located at GWl, that looks at the 
upstream part of the coupler as far as the conical window, 
by the photomultiplier located immediately downstream of 
the conical window, and by the photomultiplier located on 
the downstream waveguide transition (GW4). The light at 
GW4 can he conditioned away, reappearing only if the rf is 
turned to a lower level for an extended time and then 
returned to its higher original level. The light on either side 
of the conical window occurs at specific power levels, 
increasing and decreasing as the power is continuously 
raised, and up to now has not been completely conditioned 
away. 

V. (‘ONCLI JSIONS 

The conical part of the tested TESLA input coupler 
appears to satisfy the normal peak power operating 
condition of 200 kW. After conditioning, 110 light is seen 
below a peak power of 230 kW. Effort continues to 
understand and eliminate the light still present. A 
possibility is to locate the conical window at a voltage 
minimum to reduce the voltage at the window during 
mismatched operation. 

Operation at a peak power level of 1 MW for in situ 
high peak power conditionin, (1 of the cavities is still not 
certain. Some light during ctmditioning is acceptable as the 
conditioning time is short. However, the location of the 
observed sparks needs to he determined and the cause 
corrected. 
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