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Executive Summary

We pursued three paths toward reducing the initial cost and operating expense of particle 
accelerators. First, we investigated laser surface melting as an alternative to the present cavity 
processing approach using noxious chemicals. We successfully demonstrated a process that can 
be scaled up and defined the path to do so. Second, we sought to develop tailored laser pulsing 
as a way to simulate the thermal fatigue environment responsible for damaging accelerator 
components. Though the first three steps along the path were successfully accomplished, the 
final segment depended on collaborators with unique facilities, whose program was terminated. 
The third segment aimed to acquire a fundamental understanding of the widely used chemical 
process that yields the rough surfaces smoothed by laser melting. We found that the roughness is 
an inherent and unavoidable outcome that limits the performance of components processed 
thusly.

Summary of Project Activities 

Background

Particle accelerators based on superconducting niobium radiofrequency (SRF) technology 
are powerful as research tools for high energy physics and as advanced light sources. The initial 
cost and the on-going cost of operation are a significant impediment to future projects as well as 
a present burden. Accordingly, the world-wide SRF community continues to seek improved 
performance-for-cost, measured by accelerating gradient (Eacc) and cavity quality factor (Qo). 
Opportunity arises from the restriction of the super current to the first few tens of nanometers in 
the superconducting state, focusing our research effort on ways to examine and ways to improve 
the cavity interior surface. The then-availability of laser facilities and expertise at Jefferson Lab 
led us investigate laser polishing as a technology free of the noxious chemistry (hydrofluoric 
acid) inherent to the incumbent buffered chemical polishing (BCP) and electropolishing (EP) 
processes. Our preliminary experiments [1] indicated that useful smoothing can be attained with 
the existing JLab laser systems.

This Program

The primary thrust of the program was to carry laser polishing development forward to 
the point that a system capable of processing cavities could (under future funding) be designed 
and built. The secondary thrust was to use laser thermal processing to substantially represent the 
thermal history of components suffering thermal fatigue in ultra-powered klystrons and to 
explore laser-peened, dispersion-strengthened copper as an alternative to the ultra-pure or 
alloyed copper in use or under investigation.



The laser polishing work was completed. The results are embodied in journal papers [2,3] 
and conference proceedings [4, 5], including the First International Conference on Laser 
Polishing (Aachen, May 2014). The laser processing work was a part of the doctoral dissertation 
of Liang Zhao in Applied Science at the College of William & Mary [6]. Liang Zhao graduated 
and entered employment with Jefferson Lab. Opportunities are at hand for carrying the work 
forward. An optical system for complete scanning of cavity interior surfaces [7] is in place at 
JLab and could be developed into a processing system by the addition of our existing Coherent 
HIPPO laser and an inert gas blanket system. Additionally, a vacuum or gas atmosphere 
processing chamber was built for our laser microengineering system, so that all its laser 
processing operations can be carried out in the absence of air.

The klystron anti-thermal fatigue program consisted of 1.) modeling the thermal history 
of the klystron components and a laser thermal history profile to best duplicate it, 2.) obtaining or 
preparing suitable copper materials, 3.) establishing the laser peening procedure, 4.) 
demonstrating laser-driven thermal fatigue under time/temperature history reasonably 
comparable to the actual klystron case. The first three elements were completed to a degree 
sufficient to be part of a journal article, once the fourth element would be in place. An 
important, though not unexpected, outcome was that the laser energy delivery would need to 
occur in approximately microsecond pulses or pulse trains. This is not a natural time frame for 
lasers, but could be accomplished by the Jlab FEL as originally planned. However, the FEL 
program was terminated and the laser personnel (including collaborator Klopf) are no longer 
with JLab. Accordingly, this component of Liang Zhao’s dissertation could not be 
accomplished. The progress that was made is being captured in a Jefferson Lab technical report.

During the preparation of materials for laser treatment by BCP, we noticed that the 
characteristic pronounced roughness developed and remained constant with material removal.
We were not able to locate any published work on the genesis of topography in BCP, though in 
the SRF community, lore is abundant. Accordingly, we investigated it using the tools of modern 
materials science. The major outcome is that crystallographic etching (different etch rates on 
different crystal faces) in the BCP solution is responsible for the topography. It cannot be 
suppressed and the characteristic roughness will always arise. This roughness results in 
magnetic field enhancement, setting an upper limit for accelerating gradient. An analysis of the 
effect of topography on gradient by another member of our group [8] suggests that this will occur 
between 15 and 20 eV/m. If refined and confirmed by further experiments, this will be useful 
input to the design of future SRF accelerators. The detailed results are embodied in a journal 
publication which has been submitted Physical Review Special Topics - Accelerators and 
Beams, was reviewed and is now being revised [9]. This material is also part of Liang Zhao’s 
doctoral dissertation at the College of William & Mary.

References

1. S.Singaravelu, J.M.Klopf, G.Krafft, M.J.Kelley; J.Vac.Sci.Technol.B, B 30, 051806 (2012);. 
“Laser Polishing of Niobium for Application to Superconducting Radio-Frequency Accelerator 
Cavities”



2. Liang Zhao, J. Michael Klopf, Charles E. Reece, Michael J. Kelley; Phys.Rev. ST Accel. 
Beams. 17 (2014) 083502. “Laser polishing of niobium for superconducting radiofrequency 
accelerator applications”

3. Liang Zhao, J. Michael Klopf, Charles E. Reece, Michael J. Kelley; Materials science and 
engineering technology, 47 (2015) 675- 685 “Laser polishing for topography management of 
accelerator cavity surfaces”

4. Liang Zhao, J. Michael Klopf, Charles E. Reece, Michael J. Kelley; (2013) Proc. IPAC2013 
WEPWO087. “Parameter optimization for laser polishing of niobium for SRF applications”

5. Liang Zhao, J. Michael Klopf, Charles E. Reece, Michael J. Kelley, Proc. SRF2013, 
TUP068,"Laser Polishing of Niobium for SRF Applications",

6. Liang Zhao, Dissertation, The College of William & Mary, August 2014 “Surface Polishing of 
Niobium for Superconducting Radio Frequency (SRF) Cavity Applications”

7. Charles R. Reece, Ari D. Palczewski, Hui Tian; (2012) Proc. IPAC2012 MOPB062 “A New 
Internal Optical Profilometry System for Characterization of RF Cavity Surfaces - CYCLOPS”

8. Charles E. Reece, Chen Xu, Michael J. Kelley; Proc. SRF2013; TUP010 2013 “Simulation of 
non-linear RF losses derived from characteristic Nb topography” and Phys. Rev. ST - Accel. & 
Beams submitted

9. Liang Zhao, Charles E. Reece and Michael J. Kelley; Phys. Rev. ST - Accel. & Beams 
submitted “Genesis of topography in buffered chemical polishing (BCP) of niobium for 
superconducting radiofrequency cavities”


