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Abstract 
Particles are one possible cause of field emission issues 

in SRF cavity operations. During clean room cavity 
preparation, several processes could contribute to the 
generation of particles. One of them is friction between 
hardware during assembly and disassembly. It is 
important to understand the behaviours that generate and 
propagate particles into cavities. Using a single cell 
cavity, particle shedding between flanges and other 
materials have been tested. The number of particles is 
recorded with an airborne particle counter, and the 
generated particles are examined with microscope. The 
migration of particles into a cavity due to different 
movements is studied. Suggestions are made to reduce 
particle generation and prevent contamination of the 
cavity interior area. 

BACKGROUND 
The preparation process of an SRF cavity can 

significantly influence its performance. Chemical 
polishing, mechanical polishing, thin film deposition, and 
the most recent trend of heat treatment while carefully 
introducing foreign materials are all methods to establish 
a surface condition that provides satisfying quality factor 
and accelerating gradient. To make the most out of these 
surface conditions, it is important to prevent other factors, 
such as field emission due to contamination, from 
degrading cavity performance. Field emission has been 
reported in some circumstances to be caused by micro 
particles inside the cavity [1]. Various cleaning 
techniques have been explored and introduced to avoid or 
reduce particles during cavity production [2, 3]. 
Exanimation of particle existence at different stages, from 
surface preparation [4], cleaning [5], storage [6], and 
cleanroom assembly [7], to vacuum component operation 
[8], has received wide attention. In this study, we aim to 
identify and understand the nature of micro particles 
during clean room preparation, especially assembly and 
disassembly, of SRF cavities. 

EXPERIMENT 
Preparation of Cavity and Components 

A Tesla shaped 1.3 GHz single cell cavity made from 
large grain niobium was used for this study. The cavity 
was cleaned in an ultrasonic tank filled with detergent 
solution for about an hour. It was then rinsed thoroughly 

with ultrapure water and dried in air. The cavity was 
transferred to clean room and received high pressure rinse 
with ultrapure water. It was then dried in the clean room 
and ready for assembly. 

Hardware to be assembled onto the cavity was cleaned 
separately in another ultrasonic tank with detergent 
solution. Then they were thoroughly rinsed with ultrapure 
water, dried in air, bagged, and transferred into clean 
room for assembly. 

Assembly and Disassembly 
Only one of the two beam pipe flanges was assembled 

in this study; the other one was used for holding the 
particle counter. A Lighthouse Solair 3100 airborne 
particle counter was used to monitor particle counts inside 
the cavity. It detects particle sizes from 0.3 μm to 10 μm. 
The accumulation mode was used in the experiment. The 
stainless steel collector and rubber hose connecting the 
collector was supported by a cleaned PVC tube inserted 
into the cavity along the beam pipe. One end of the PVC 
reached the middle of the assembly side of beam pipe. 
The other end of the PVC tube was mounted onto a PVC 
flange and fixed to the other beam pipe flange with spring 
clamps. 

Assembly and disassembly at both horizontal and 
vertical orientations were studied. For vertical assembly, 
the bottom beam pipe flange was assembled. Before 
assembly, the stainless steel flange was blow-cleaned 
with ionized nitrogen gun; the aluminum magnesium 
alloy gasket was wiped with alcohol and blow-cleaned 
with ionized nitrogen gun. The particle counter was 
started and kept running until the particle counts reached 
zero, which means any particle counts detected later was 
caused by assembly movements. After the experiment, 
data from the particle counter were exported for analysis. 

Particle Sampling and Characterization 
Before assembly, surfaces of flange, gasket, bolt, nut, 

and washer were sampled with clean carbon tape. During 
the assembly and disassembly, carbon tape was attached 
near the particle counter collector as well as the interior of 
the cavity beam tube. After disassembly, the carbon tape 
was covered up to prevent exposure to the atmosphere, 
until the time they were transferred into scanning electron 
microscope (SEM) for analysis. Energy dispersive 
spectroscopy (EDS) was used for elemental analysis of 
the particles. 

RESULTS AND DISCUSSION 
Figure 1 shows particles collected from surfaces of 

different assembly hardware, including stainless steel 
bolt, stainless steel washer, silicon bronze nut, aluminum 
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magnesium alloy gasket, and stainless steel blank flange. 
The composition of these particles from EDS analysis is 
also shown. This reminds us that surfaces of parts are not 
particle free even after ultrasonic cleaning. In production 
practice, parts are blow-cleaned with nitrogen gun before 
being used on assembly. It should be kept in mind that 
particles are everywhere even in the clean room. Care 
should be taken to avoid movements that transfer particles 
to unwanted surfaces. 

 

Figure 1: Particles found on assembly hardware after 
ultrasonic cleaning, before assembly. 

Figure 2 shows the horizontal assembly configuration 
and 0.3 μm particle counts during assembly-disassembly 
experiment. Fig. 3 shows the particles collected on the 
carbon tape attached near the particle counter collector 
entrance. The composition of some of these particles 
matched that of the assembly hardware. For those 
particles that showed different composition from the 
assembly hardware, they might be transferred from other 
surfaces in the surrounding environment. For example, 
indium particle may come from the tools nearby for 
making indium seal.  

 

Figure 2: Horizontal assembly-disassembly setup and 0.3 
μm particle counts. 

 

 

Figure 3: Particles found during horizontal assembly-
disassembly experiment. 
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Figure 4 shows the vertical assembly configuration and 
0.3 μm particle counts during assembly-disassembly 
experiment. Fig. 5 shows the particles collected on the 
carbon tape attached near the particle counter collector 
entrance. No particles were found on the carbon tape 
attached to the beam tube inner wall. Fewer particles were 
found from the carbon tapes in the vertical setup 
experiment. In terms of particle source, again, some of 
these particles come from the assembly hardware, while 
some of them may come from the environment. 

 

Figure 4: Vertical assembly-disassembly setup and 0.3 
μm particle counts. 

 

 

Figure 5: Particles found during vertical assembly-
disassembly. 

 
Figure 6 shows the 0.3 μm particle counts of vertical 

assembly-disassembly done by cleanroom assembly 
technician, with cavity held on a lift normally used during 
cavity assembly. This is a setup closer to production 
practice except that, the particle counter inserted into 

cavity was causing air flow which would not exist in real 
production assembly, and assembly was done outside the 
cavity assembly cubicle. The particle count was 
significantly lower than the assembly done by trainee, 
which indicates that skills and assembly setup are 
important for reducing particle generation. 

 

Figure 6: 0.3 μm particle counts during vertical assembly-
disassembly done by cleanroom assembly technician. 

 
After assembly-disassembly, the bolt holes and seal 

surface of the flanges are expected to have huge particle 
counts. Cleaning of bolt holes and seal surface was done 
by wiping with alcohol, with particle counter monitoring. 
Counting from bolt holes was done by blowing from 
beam pipe opening side of the flange and collecting on 
the other side. Fig. 7 shows the counts of 0.3 μm particle 
during and after cleaning. The particles counts from 
wiped bolt holes are significantly reduced compared to 
unwiped ones. 

 

Figure 7: 0.3 μm particle counts during cleaning of seal 
connections. A) Wiping bolt holes with cavity positioned 
horizontally; B) Bolt hole particle counts with and 
without wiping. 
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SUMMARY AND FUTURE WORK 
Particles still exist on parts surface even after ultrasonic 

cleaning. From composition of particles collected inside 
the cavity, both surrounding atmosphere and assembly 
hardware can contribute to contamination. 

Contacting between metals easily generates more 
particles; therefore, the movement of the fasteners should 
be as light as possible. Practice can reduce particle 
generation, even if avoiding particles are almost 
impossible. Wiping helps cleaning bolt holes efficiently 
after disassembly. 

Drawback of this setup is that, the particle counter 
caused additional air flow inside the cavity, which is not 
representative for the reality during production cavity 
assembly and disassembly. In reality, even particle is 
generated at flange, if there is no inward air flow, 
particles should not enter cavity. However, later operation 
may cause particle migration inside the cavity. 
Nonetheless, this experiment can still be used as a 
measure of evaluating assembly skills. Work will be 
continued in investigating particle existence in cavity 
assembled the same way as routine production process. 

ACKNOWLEDGMENT 
Authored by Jefferson Science Associates, LLC under 

U.S. DOE Contracts DE-AC05-06OR23177 and DE-
AC02-76SF00515 for the LCLS-II Project. Thanks to the 
College of William and Mary characterization lab for 
generous help and SEM/EDS equipment. Thanks to Ari 
Palczewski for providing the cavity and hardware. Thanks 
to Chris Dreyfuss and Steve Castagnola for participating 
and helping with the experiments. 

REFERENCES 
[1] H. Padamsee et al., RF Superconductivity for 

Accelerators, (Wiley-VCH, 2008). 
[2] D. Reschke, “Final Cleaning and Assembly”, FA006, 

Proceedings of the 10th Workshop on RF 
Superconductivity, Tsukuba, Japan (2001). 

[3] D. Reschke, “Cleanliness Techniques”, SUP03, 
Proceedings of the 12th International Workshop on 
RF Superconductivity, Cornell University, Ithaca, 
New York, USA (2005). 

[4] C. Compton et al., “Study Correlating Niobium 
Surface Roughness with Surface Particle Counts”, 
TUPO016, Proceedings of SRF2011, Chicago, IL, 
USA (2011). 

[5] C. Reece et al., “A Study of the Effectiveness of 
Particulate Cleaning Protocols on Intentionally 
Contaminated Niobium Surfaces”, THPPO062, 
Proceedings of SRF2009, Berlin, Germany (2009). 

[6] L. Popielarski et al., “Cleanroom Techniques to 
Improve Surface Cleanliness and Repeatability for 
SRF Coldmass Production”, WEPPC065, 
Proceedings of IPAC2012, New Orleans, Louisiana, 
USA (2012). 

[7]  F. Zhu et al., “Measurements on Particle 
Contamination during Cavity Assembly”, TUP52, 
Proceedings of the 11th Workshop on RF 
Superconductivity, Lübeck/Travemünder, Germany 
(2003).  

[8] J.-L. Dorier, N. Hilleret, Review of Scientific 
Instruments, Vol. 69, No. 11, p3818 (1998). 

 

Proceedings of SRF2015, Whistler, BC, Canada MOPB117

SRF Technology - Processing

F05-Assembly

ISBN 978-3-95450-178-6

451 C
op

yr
ig

ht
©

20
15

C
C

-B
Y-

3.
0

an
d

by
th

e
re

sp
ec

tiv
e

au
th

or
s


