
Results from The Proton Power Upgrade Project Cavity

Quality Assurance Plan
J. Mammosser* (mammosserjd@ornl.gov) , S.-H. Kim, M. Howell, M. Champion, B. Robertson, S. Stewart, R. Afanador, D.J. Vandygriff, M. Greenwood - SNS ORNL, USA 

C.E. Reece, E.F. Daly, K. M. Wilson, P. Dhakal, K. Macha, K. Davis, D. Forehand - JLab, USA 

A. Navitski, L. Zweibaeumer, B. Karl-Bernhard, and A. Bitter - Research Instruments Co., Germany

• The Proton Power Upgrade (PPU) Project at Oak Ridge National Lab's 
Spallation Neutron Source (SNS) is currently under construction. The 
project will double the beam power from 1.4 to 2.8 MW. This is 
accomplished by increasing the beam current and adding seven new 
Superconducting Radio Frequency (SRF) cryomodules. Each new 
cryomodule will contain four six-cell, beta 0.81, PPU style cavities. A 
quality assurance plan was developed and implemented for the 
procurement of 32 PPU cavities. As part of this plan, reference cavities 
were qualified and sent to Research Instruments Co. for the development 
and verification of process steps. Here we present the results from this 
plan to date. 
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A quality assurance plan was developed that would define the roles for 
the cavity vendor RI, Jefferson Lab who would be building the 
cryomodules and SNS staff.  The focus of the plan was to give the 
responsibility of the niobium material for the cavity fabrication to the 
vendor. This included the procurement of the material, and all quality 
assurance steps. The material inspection would include sheet scanning 
and labeling at DESY, managed by the cavity vendor. JLab would 
develop a low temperature EP process and apply it to the reference 
cavities and vertical test each one to qualify them. These cavities 
would be used to qualify the vendors processes and performance prior 
to building the PPU cavities. These reference cavities would be sent to 
the vendor to develop their hardware and verify the process steps. 
Additionally, this methodology would allow for the testing of 
qualification hardware, shipping containers and training of the vendors 
staff processing and assembling these cavities. As a back up to this 
process the project planned on a reworking of 30 percent of the 
cavities delivered by applying a second HPR and 10 percent by full 
chemistry.

The Cavity Quality Assurance Plan

Research Instruments (RI) Company was awarded the contract to 
produce, process and assemble 32 PPU cavities. The three cavities, 
HB71, HB72 and HB73 were chosen at SNS to serve as the reference 
cavities to help RI develop and verify processes. These cavities were 
spares from the original production in 2005 and were in storage ever 
since that time. The cavities had already had their bulk chemistry by 
buffered Chemical Process (BCP) at their time of fabrication. At 
Jefferson lab led the effort to develop a low temperature EP procedure 
and EP hardware development, SNS developed the shipping boxes, test 
hardware and RF probes to qualify the cavities. Assembly kits were 
packaged for the hardware, flanges, valves and seals and shipped to RI. 
The reference cavities were processed, assembled and Vertical test 
qualified at JLab and sent to RI. Both JLab and SNS staff visited RI 
several times during the startup of the EP process to provide some 
guidance. RI modified their EP setup for the PPU cavity and together 
we developed the process steps that we felt would achieve the end 
goal. Reference cavity HB73 was chosen to develop the EP process 
because it was the weakest performer from JLab VTA qualification 
data, so it would only be used for this purpose.  At RI, HB71 and HB72 
were processed for the removal of 60um of niobium as measured by 
ultrasonic thickness measurements. After EP, the cavities were rinsed 
to resistivity and transferred, filled with Deionized (DI) water to the 
cleanroom. In the cleanroom, the cavities were drained and rinsed 
with ethanol alcohol and drained. Next cavities were High pressure 
rinsed (HPR) by multiple passes and dried overnight. Then hardware 
was assembled followed by a final HPR,  The final flange was 
assembled and a leak check of the cavity and shipping to SNS for 
vertical test under vacuum.  At SNS cavities were received installed into 
the test stand isolated still under vacuum from RI and inserted into the 
Dewar.  Cavities were then Cooled down to 2.1K and RF tested. 

Implementing The  Plan

A quality assurance plan was developed at SNS to address the risk from not achieving the PPU design 
gradient and  early onset of field emission goals for the 32 new PPU cavities . To date 30 of the 32 cavities 
have been delivered to JLab and 16 of 30 cavities delivered were vertical tested. The rejection rate for 
these cavities was 56 percent of due to early onset of field emission, these cavities required a second HPR 
at JLab to meet our performance goal. This was higher than the expected 30 percent that was planned for 
in the project. Several process changes were made during production to address early onset of field 
emission up to completing the processing and assembly of cavity PPU10 and we will have to see if the 
results from the remaining cavities have reduced the need for a second HPR. Additionally, there has not 
been any required reprocessing by chemistry which clearly shows that the EP process on these cavities at 
RI was fully successful and the quality of the niobium was also excellent. The gradient and field emission 
results for all cavities so far (with some second HPR) easily meet expectations for installation into 
cryomodules at JLab. An additional note is that the typical multipacting as seen from the original 
production in 2000 and on the reference cavities, was much lighter (could be processed away) on the PPU 
cavities. Lessons learned from this QA effort are that a larger number of process test cycles is needed to 
identify contamination sources leading to early onset of field emission, especially on small quantity cavity 
fabrication runs due to the long production test feedback times. 

Conclusion
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