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Overview: Bare Cavity Qualification

 9-cell 1.3 GHz ILC-style cavities purchased from vendors

 Incoming inspection: (1) visually check external cavity condition including welds and 
flange sealing surfaces, (2) measure room temperature field flatness, (3) confirm 
vacuum leak tight at room temperature, (4) check cavity dimensions using coordinate 
measuring machine

 Additional internal optical inspection sometimes used as intermediate diagnostic tool

 Cavity surface processing follows general scheme of International Linear Collider 
RDR:   (1) Bulk electropolishing (EP) for ~120-150 mm removal, ultrasonic detergent 
rinse, high-pressure ultrapure water rinse (HPR), (2) 2 hour 800C furnace treatment for 
hydrogen degassing, (3) room temperature RF tuning, (4) final chemistry of ~10-30 mm 
removal, ultrasonic detergent rinse, first HPR, first class-10 cleanroom assembly, 
second HPR, second class-10 cleanroom assembly, cavity evacuation and seal, (5) 
120C bake-out under vacuum for 48 hours

 RF qualification test at 2K

 Depending on cavity performance, one or more steps may be repeated
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Duration of cavity process

20.Oct. 2010 C.M. Ginsburg IWLC2010 3

Duration of cavity qualification (ideal case- never happened this quickly):

26 days at JLab

33 days at FNAL



Fermilab

20.Oct. 2010 C.M. Ginsburg IWLC2010 4

Overview: Cavity Path after Qualification

 Dress

 Weld into helium vessel

 Attach magnetic shielding

 Attach high power coupler

 Attach fast and slow tuners

 Horizontal test qualification

 Install in cryomodule

 [Test in cryomodule]

 [Build accelerator]

 [Accelerate beam of charged particles]

 […]
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Cavity Purchase

 Request for information

 Request for quotes

 Purchase order includes cavity 

specification - modified 

DESY/Tesla spec

 Introduction

 Scope of Work

 Fabrication plan

 Schedule

 Quality Assurance Plan

 DESY fabrication specification

 And list of exceptions 

particular to FNAL case
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Communication with cavity vendors after order

 Specification delivered to vendor, but practically speaking the 
engineer in charge makes many visits to the manufacturer at 
critical steps to ensure compliance with requirements, even with 
experienced vendors

 Vendor delivers fabrication plan, including schedule, QA

 Vendor may receive Nb from Fermilab or purchase sheets 
independently

 All sheets are eddy current scanned at FNAL

 Cavity acceptance occurs after incoming inspection, and does 
not include a performance specification

 Despite a great deal of careful study, we are normally unable 
to point at particular manufacturing errors which cause poor 
performance and do not hold manufacturers responsible for, 
e.g., heat-affected zone features which cause quenches

 However, manufacturers are very sensitive to cavity 
performance, and are very responsive to suggestions for 
improvement
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Specifications on Drawing
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Examples of items noted to vendors after acceptance

• Scratches on sealing flanges frequent

• Ugly welds seldom

• Features not to specification which we can work around, e.g., small 

variations in cavity dimensions may be compensated with tuning

• One cavity from a new vendor has a dent on the end cell

• No cavities have been rejected so far for features inconsistent with spec
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42 MV/m cavity (quench/FE)



Cavity TB9x reference flange dimensional problem for tuning

end flange protection rings for Cell #9 do not fit 

properly.  Gap ~10 mm while normally 2mm.

end flange protection rings do not fit on Cell #1 

either.  Gap ~30 mm.

Cell #1 reference flange groove too narrow.
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Effort to optimize 1st pass cavity performance

• To improve 1st pass cavity performance and reduce cost, want to catch 

defects present after manufacturing, and before surface processing and 

vertical test

– Inspection is key

– Developing reliable methods for knowing which defects important to repair

• Repair these manufacturing errors by tumbling, spot polishing or laser 

remelting,  etc.

– 1-cell proof of principle:  Good cavity before tumbling 36 MV/m.  After laser 

remelting, EP 20µm+HPR+120C, achieved 39MV/m, quenched at molten region

– 9-cell fixture being manufacturered

– New FNAL tumbling machine; two 9-cells tumbled
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Summary

• 90 Americas 9-cell cavities in the system: 46 in process, 4 almost 

done at manufacturer, 40 newly ordered through ARRA

• Make incoming inspection as systematic and documented as 

possible, understanding that the inspection procedure may 

change as we realize new things should be checked

• No performance specification in cavity specification

• Cavities so far never rejected; occasionally sent back for repair

• Developing tools to repair features noted after manufacturing
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