VERTICAL ELECTROPOLISHING OF 704MHz RESONATORS USING NINJA CATHODE:
GRADIENTS OVER 40MV/m ACHIEVED ON ESS SINGLE-CELL CAVITY

F. Eozénou# , M. Baudrier, E. Cenni, E. Fayette, G. Jullien, L. Maurice, C. Servouin
CEA, DSM/Irfu/DACM, CEA-SACLAY, F-91 191 Gif-sur-Yvette
Y. Ida, K. Nii, T. Yamaguchi /
I\éGH, Hyogo-ken, Japan S
- H. Hayano, H. Ito, S. Kato, T. Kubo, H. Monjushiro, T. Saeki I .I:
KEK-JAPAN KEK, Ibaraki, Japan 'mfu

Introduction : Vertical Electro-Polishing (VEP) of elliptical cavities using rotating Ninja cathodes (Marui Company patented technology) has continually been improved since 2012 and
successfully applied for 1300 MHz multi-cell ILC-type resonators. The goal of the presented study 1s to apply this technology to 704 MHz European Spallation Source (ESS)-type resonators
with both better Q, and accelerating gradients in mind. We intend to demonstrate the superiority of VEP compared to standard Buffer Chemical Polishing (BCP), for possible applications.

PREVIOUS STUDY: VEP OF 704MHz 3=1 SPL 5-CELL CAVITY (2014)
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VEP Set-up at CEA Saclay. The cavity is electropolished using a circulating HF-H,SO, acid
Injected from the bottom. A voltage is applied between the cavity (anode) and an aluminum Ww MM WMM

rod cathode. The results achieved is limited by non-uniform EP conditions at the cavity
surface, The weldings at a) equators, and b) irises are smooth. Bubbles stripes are
observed at the proximity of irises c) and d). In the areas between equators and irises e) the

surface is rougher.
ELECTROPOLISHING OF ESS 3=0.86 1-CELL CAVITY USING NINJA CATHODE

CAVITY DETAILS
¥ B Parameter Value PARAMETERS
Aler spray  R/Q [Q] @B=0.86 113
f G [Q) )50 m Large cathode area i
- . 50
Eﬁkam 1.88 ® Rotation speed: 20rpm f —————
B W/Em [mT/(MV/m)] 3.86 m Voltage 19-20V 86
85
Inner surface [m’] 0.5 m Controlled temperature: cooled acid (T<15°C) + water spray
Yolume [I 40 Total Treatment time: 39h o
_ m Total Treatment time:
Cavity: manufactured by ZANON RI | 129
Niobium: Tokyo Denkai Fine grain, RRR>300 ® Removal rate 0.1pm/min o
® Smooth equator area o T Acid Flow
CHEMISTRY 55
S ® No stripes/nor pits at the surface 76
m HF(40%)-H,S0,(96%) acid mixture e
® Strong Sulphur odor — Ethanol Rinsing 24

B Anode: 2Nb + 5H,0 = Nb,O; + 10H* + 10 e-
m Cathode: 2H* + 2e=H, 1
| = HF: dissolution of Nb,O; (diffusion limited)
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Assembly (ISO5 Cleanroom)
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Test in Vertical Cryostat TESTS IN VERTICAL CRYOSTAT before/after Thermal treatments
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OUTLOOK:
 New VEP sequence on 1-Cell to remove Q-slope
* |nvestigate the 2-step baking (75°C-120°C) efficient on 1300MHz cavity after VEP

» Extrapolate the process to 5-Cell =0.86 ESS Cavity (Cavity and cathode available) ° ) ’ cnim )

Eacc=52MV/m achieved after VEP followed by 2-step baking (75°C-120°C) (FERMILAB Recipe)
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CONCLUSION: Excellent results have been achieved after vertical electropolishing of
a B = 0.86 single-cell ESS geometry cavity. Superiority of Electro-polishing Vs
standard BCP treatment is demonstrated for this type of cavity. The process will finally
be scaled to the 5-cell cavity case (ESS prototype cavity).

HBO03 ESS-prototype
cavity to be treated by

VEP with dedicated
cathode.
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