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Abstract

In STF at KEK, research and development (R&D) of power coupler for future accelerators mainly for cost reduction
has been done since 2013. As a result, power coupler using a ceramic of a new material without titanium nitride (TiN)
coating was developed and fabricated, and results which satisfied the specification of the high power test on the test bench
were obtained recently. The technology that became the key to success was ultrasonic rinsing on power couplers, which
showed that the amount of electrons emitted was drastically reduced. Measurement of secondary electron emission
coefficient using many ceramic samples is currently under way separately. On the other hand, the inner surface of power
coupler is plated with copper, and when it is used for superconducting cavities, the residual resistivity ratio (RRR) in a
low temperature environment becomes a problem. In COI at KEK, the measurement device under low temperature
environment has been developed, and measurement is now being conducted using copper plated samples. We will report
on the latest results of these R&Ds on power couplers for future accelerators working together with KEK and related
companies and overseas laboratories.
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Table 1: Four Main Tasks for Cost Reduction R&D in ILC
as Collaborative Work between Japan and U.S.

Program Item
A-1 Lower RRR Niobium material
A-2 N2 infusion technique
A-3 Power coupler
A-4 Vertical electro-polishing
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Table 2: History of High Power Test/Ultrasonic Rinsing
for Power Coupler with TiN Coating-free Ceramic (the
conditions of ultrasonic rinsing are for the cold part)

Test# Experiment Period Result
1 May/2016~Jun/2016 Not keeping at 266 kW (1.5
msec)

Ultrasonic rinsing: 120 W (0.26 W/{)

2 Jun/2017~Jul/2017  Not keeping at 510 kW (1.65
msec)

Ultrasonic rinsing: 600 W (1.28 W/{)

3 Sep/2017~0ct/2017  Not keeping at 800 kW (1.65
msec)

Ultrasonic rinsing: 1200 W (2.56 W/C) + WRS

4 Feb/2018~Mar/2018 3 hours keep at 800 kW (1.65
msec)
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Table 3: Comparison of Specification for Ultrasonic Rinsing Machine in Some Facilities in the World

Company / Institute TETD LAL/IN2P3 IRFU/CEA
Project STF E-XFEL ESS
Vendor KAIJO BANDELIN SONOREX VWR Branson Ultrason
TECHNIK RM 180 UH (USC2600TH) (B 8525-36)
Power [W] 120 ~ 1200 2000 300 3000
(incl. WRS)
Power per liter [W/(] 0.26 ~2.56 10 12 8.6
Frequency [kHz] 38 40 45 25
Water temperature [C] ~25 50 50 ~ 60
Detergent Not used Tickopur R33 (2.5%) Tickopur R33 (5%) Tickopur R 33 (2.75%)
Time duration [min] 30 15 10
Bath size [{] 468 200 25 350

the ultrasonic rinsing bath at TETD ZLeft: Warm parts, Center: Cold part, Right: Waterproof
parts). The maximum power of ultrasonic rinsing for warm parts was 360 W to avoid the removal of TiN coating from
TiN coated ceramics used for warm windows.
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Figure 2: Top three figures show the trend graphs for forward/backward power monitored at upstream and downstream
of test bench (left), warm/cold vacuum level (center), temperature at cold window (Temp #2), and temperature at flange
(Temp #4) jointed between cold part and waveguide system (right) in Test #4 under the RF conditions of 1.65 msec/5 Hz.
Three figures in middle and bottom show the correlation plots between cold vacuum level (left), electron emission at
upstream (center) / downstream (right) coupler and forward power for 500 psec and 1.65 msec, respectively. In three
figures in middle and bottom, four different colours mean as follows; black: Test #1, green: Test #2, blue: Test #3, red:
Test #4 as shown in Table 2. Only Test #1 was done for 1.5 msec/5 Hz. The technical interlock level is 4 x 10 Pa for
cold vacuum, and 2 x 10 Pa for warm vacuum shown as purple dotted line in the top center figure. The upper limit in
electron signal is 10 V.
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