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Abstract
Niobium cavities are important parts of the integrated NC/SC high-power linacs. Over the
years, researchers in several countries have tested various cavity shapes. They concluded that
elliptically shaped cells are the most appropriate shape for superconducting cavities. The need
for very clean surfaces led to the use of a buffered chemical polishing procedure for surface
cleaning to get good performance of the cavities. This proposal discusses the second phase of
research in the second year of the project. The first phase (starting Summer 2001) has resulted
in improving the basic understanding of multipacting and the process of chemical etching.
Based on our conclusions so far, as well as our interaction with personnel of Los Alamos
National Laboratory (LANL), we propose to focus on the following topics in the second phase
of this project:
1. Continue optimizing the cavity shape to reduce or minimize the possibilities of
multipacting.
2. Redesign the etching process to maximize surface uniformity.
3. Experimental study of multipacting conditions.
4. Experimental study of the etching process and the resulting quality of the surface.

Introduction
The nuclear industry provides a significant percentage of electricity in the world, as well as
the United States. Nuclear power plants produce thousands of tons of spent fuel. Some of this
spent fuel can be radioactive for thousands of years. The U.S. DOE is currently exploring the
possibility of creating a permanent storage site at Yucca Mountain, Nevada for nuclear spent
fuel. The U.S. Congress has recently authorized exploring a complementary way to deal with
spent nuclear fuel: accelerator-driven transmutation of waste as part of its Advanced
Accelerator Applications program. In this approach, a particle accelerator produces protons that
react with a heavy metal target to produce neutrons. These neutrons are used to transmute longlived radioactive isotopes into shorter-lived isotopes that are easier to be managed. A major
component of the system is a linear accelerator (linac) that can accelerate a 30-mA beam of
protons up to 1 GeV [1]. Los Alamos National Laboratory (LANL) is an active participant in
developing a superconducting radio-frequency (SCRF) high-current linear accelerator. SCRF
has three major components: niobium cavities, power couplers, and cryomodules. This
proposal mainly deals with niobium cavities.
Niobium cavities have several advantages including small power dissipation compared to
normal conducting copper cavities. These cavities are usually made of multiple elliptical cells,
see Figure 1. They are formed from sheet metal using various techniques such as deep drawing
or spinning. The cells then are welded using electron-beams. Multi-cell units are usually tuned
by stretching or squeezing them. Niobium cavities need very clean surfaces, which can be
achieved by chemical polishing and high pressure rinsing with ultra-pure water.
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Figure 1. Schematic Diagram of Niobium Cavities (Executive Summary: Development and
Performance of Medium-Beta Superconducting Cavities (LANL))
Under operation very high electromagnetic fields are present in these cavities. Besides the
intended acceleration of a particle beam, these fields can also accelerate electrons emitted from
the niobium surfaces. An electron emitted from the surface of the cavity wall is guided and
accelerated by these RF-fields until it impacts on the cavity surface again. This re-impact can
lead to the generation of a one or more secondary electrons that in turn act as primary electrons
that possibly might generate more electrons in a localized region. The number of secondary
electrons is determined by the impact energy of the electron and by the secondary emission
coefficient of the cavity material. If secondary electrons are created in phase with the RF-fields,
and the impact is localized, a rapidly rising multiplication of electron will occur. This localized
resonant process is known as multipacting (multiple impacting). As a consequence, RF power
is absorbed and it becomes impossible to increase the cavity fields by raising the incident
power. The electron collisions with the structure walls lead to a temperature rise and
eventually to a breakdown of the superconductivity. As a result, the Q0 (quality factor) of the
cavity is significantly reduced at the multipacting thresholds. Also, structural damage of the
surface can occur. A good cavity design should be able to eliminate or at least to minimize
multipacting. The factors that affect multipacting include: shape, surface finish, and coating.
While models have been suggested for minimizing multipacting [2], practical means of
manufacturing the cavity walls to obtain optimal designs are still an issue. Attempting to
improve the performance of multiple niobium cavities may be a daunting task because of the
computational load associated with the evaluation of a particular design and the large number
of variables and constraints involved. We propose approaching this task in a systematic way
using principles of nonlinear programming. The consequence of this effort will allow the
Superconducting RF Engineering Development and Demonstration group at LANL and the
faculty at UNLV to target potential cavity cell configurations that improve upon existing
designs.
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Summary of Achievements of Phase I:
1. During the first year of the project we gained a better understanding of a multipacting
modeling code (Track_RF). We are in the process of comparing experimental results
from LANL with results of numerical simulation for three different cavity designs.
2. Track_RF was modified to examine localized secondary electron emission and
impacting over the cavity surface. Figures 2a and 2b illustrates the field emission
statistics for a cylindrical cavity when many electrons (50 electrons) with the same
initial conditions are launched at the same time from the center of the end cap of the
cylinder. A subroutine to plot single particle trajectories has been developed to help
visualize whether multipacting exists.
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Figure 2 a) Binning of the surface of a cylindrical cavity, and b) Bin statistics of secondary
electron emission.
3. Creation of a framework for minimizing multipacting and maximizing the uniformity of
the surface finish. This step included creating a program in MATLAB environment that
interfaces two separate software packages:
• Track_RF: A two-dimensional Field Precision code
• Femlab: A finite element analysis software.
4. Assessment of current etching techniques presently used in LANL. The current method
uses a baffle to direct the etching fluid toward the surface of the cavity. Refer to Figure
3. Finite element analysis shows that the baffle partially succeeded in achieving its
purpose as can be seen in Figure 4. The flow is however restricted to the right half of
the cavity with very limited circulation in the left half, which results in more etching of
4

the iris region compared to that of the equator regions. These results confirm the
observations of [3]. The current design also experiences flow circulation behind the
baffles in the second through fifth cavity cells. There is a significant increase in velocity
at the outlet.

fluid
flow

Figure 3. Current Etching Configuration of Niobium Cavities

Figure 4. Finite Element Analysis of Current Etching Configuration of Niobium Cavities
5. An alternative design is proposed and modeled. The new baffle is angled near the inlet
of each cavity cell. The proposed design is also modified so that it can be extended
inside the cells of the cavity. The exit flow is now parallel to flow inlet. Preliminary
FEA results (Figure 5) show that flow circulation is eliminated. The flow is now closer
to the surface of the cavity. We are currently using optimization techniques to improve
this design.
6. These research activities are disseminated through:
• Three presentations (two at UNLV and one at LANL)
• One student paper in the ANS Conference in Reno, November 2001
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• One poster presentation at the AAA Quarterly Technical Review at UNLV, Jan. 2002
• One paper is currently under review for presentation in International Congress on
Advanced Nuclear Power Plants (ICAPP), Hollywood, Florida, June 2002. The title
of the paper is, “Modeling and Optimization of the Chemical Etching Process in
Niobium Cavities.”

Figure 5. Finite Element Analysis of a Modified Etching Configuration of Niobium Cavities
Research Objectives
The research objectives are:
1. Continue current research on the phenomenon of multipacting.
2. Optimization of the cavity shape to minimize the possibilities for multipacting.
3. Optimization of the chemical etching process to maximize surface uniformity.
4. Within the limits of the funding level, modify, repair, and attempt to operate an existing
vacuum system obtained from DOE’s surplus equipment list. The system will be used
to perform secondary electron emission studies on niobium material that has been
surface conditioned at LANL. We anticipate that secondary electron investigations to
begin in year three (2003-2004 academic year) of this research.
5. Setting up a flow visualization experiment to evaluate flow patterns of the etching fluid
inside a plastic model of the niobium cavity with various baffle designs. The model
already exists. LANL is willing to loan it to UNLV.
6. Collaborating with LANL personnel to setup a high frequency (RF/microwave) test
facility for studying the characteristics of niobium cavities. A scaling law relating
experimental studies at high frequencies to frequencies of interest to LANL will be
investigated. We anticipate that multipacting investigations in such cavities will begin
in year four (2004-2005 academic year) of this research.
7. Experimental studies of the etching process and the resulting quality of the surface. We
are discussing possibilities of conducting this experiment in LANL. We anticipate that
this study will begin in year three (2003-2004 academic year) of this research.
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Technical impact
The proposed work will make a major contribution to the understanding and the design of
niobium cavities. This area is very critical with many recent developments [4, 5, 6]. The
proposed research will provide a means to benchmark the codes for LANL’s specific
objectives. Also, empirical data obtained from experiments will be incorporated into the
Track_RF code. The proposed research will result in a method for optimal design of
superconducting RF-resonators. Our research is multi-disciplinary, combining expertise from
three distinct areas (electromagnetics, fluid dynamics, and optimization). Graduate students
involved in this project will be exposed to these three areas and will be expected to work as a
team. It is expected that this interaction will result in several publications gaining recognition
of UNLV activities in this area as well as attracting additional funds to the university.
It is anticipated that the developed modeling tool will impact the efficiency of future
superconducting cavity designs of interest to the Superconducting RF Engineering
Development and Demonstration (SRFEDD) group at LANL and elsewhere. Such a study will
guide the (SRFEDD) group and their UNLV collaborators to establish fabrication strategies for
manufacturing. These efforts should also lay the foundation for examining multipacting in RF
windows in the future.
Research Approach
The proposed research can be divided into several interconnected tasks as shown in Figure
6. The remainder of this section details our approach to each task.

Experimental Studies
of Multipacting

Experimental Studies
of Chemical Etching

Multipacting

CFD Study of
Chemical Etching

Optimal Design of the
Niobium Cavities

Figure 6. Research Tasks
Task 1. Multipacting
Numerical models of multipacting are of great interest for the design of RF cavities for highenergy proton accelerators. Multipacting is a resonant phenomenon of an electron avalanche as
a result of localized impact due to secondary electron emissions. The growth of a localized
current originating and terminating on the cavity wall absorbs and dissipates a part of the
electromagnetic energy stored in the cavity. Multipacting lowers the Q0 of the cavity limiting
the energy stored by the cavity. It can also cause damage to the RF surface. By conditioning
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the cavity (operating the RF cavity at its highest achievable field level in the absence of the
beam) for soft barriers, healing of the cavity may be possible by cleaning the RF surface and
lowering the secondary emission coefficient.. This may be a time intensive process. The shape
of the cavity structure, its material composition and surface treatment play significant roles in
mitigating multipacting processes. It has been shown that cavities with a more circular wall
geometry along the cavity axis inhibits multipacting relative to elliptical cavities [7]. The SEE
(Secondary Electron Emission) curve for niobium is well known. Even so, multipacting is
dependent of the surface treatment of the cavity. Different niobium surface treatments can alter
the SEE coefficient by nearly a factor of three [8]. This is significant since niobium has a
maximum SEE coefficient of 1.1 at an electron impact energy of about 500 eV. Further, the
surface treatments examined in 1986 [8] are not necessarily the same types of treatments
currently used on superconducting cavities at LANL. Moreover, it is known that surface
kinetics plays a significant role in the secondary emission, besides the impact energy, also the
impact angle might have to be considered for proper modeling [9].
It is therefore proposed to study the SEE from the surface of niobium samples treated at
LANL. During the duration of this fiscal year, an old vacuum system will be refurbished for
SEE experiments to begin in the next fiscal year (funding allowed). In the SEE experiments, an
electron beam, generated from an electron gun source, will impinge with both normal and
oblique incidence on the sample surface now termed as the target. It is intended that the target
be of a cylindrical geometry held at various negative potentials relative to a set of collecting
anode segments surrounding the target. With proper potential adjustments, ampere meters will
be used to measure the primary current at the target and the secondary currents at the
segmented anode plates. Information on the SEE trajectories, distribution and amount is to be
determined by the study. Figure 7 illustrates a typical experimental setup. A highly sensitive
current amplifier with an extremely low current sensitive switching network will be used to
amplify and covert the current signals to measurable voltage signals. The target under testing
must be held at cryogenic temperatures in a vacuum environment. Experimental conditions
similar to that in RF superconducting cavities are sought. One or more investigators will be
trained at LANL on the handling and use of liquid nitrogen and helium. Due to the high
potentials required, radiation shielding will be an issue. Current infrastructure already exists
for radiation shielding of 550 keV photons. The Duane-Hunt rule [10] states that the minimum
energy that an electron can have to generate such a photon is 550 keV. This assumes a
stationary target configuration. The potential differences within the system will not exceed nor
come close to such conditions. The radiation will be monitored with existing radiation meters
with the approval of the UNLV Radiation Safety Officer.
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Figure 7. Typical SEE (Secondary Electron Emission) experimental setup.

Some of the experimental infrastructure is already in place. A medium sized vacuum
chamber with vacuum system already exists. The pumps (roughing pump, turbomolecular, and
cryogenic) and operating systems have not been in operation for over five years and have not
been operated at UNLV. Some of the smaller pieces do not exist. The system needs to be
partially back engineered to understand how it was operated in the past. This equipment, see
Figure 8, was acquired from local industry (through DOE equipment list) for research purposes.

Figure 8. Existing vacuum system in the Electromagnetics Laboratory. Vacuum system
includes a turbomolecular pump, roughing pump, a cryogenic pump, controls and gauges, and a
VUV grazing incidence monochromator/spectrograph
Experimental data will be fit to generic theoretical curves (see Figure 9) whenever possible
and used in computational multipacting studies currently being developed at UNLV based on
2D codes provided to us from Field Precision.
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Figure 9. Generic SEE curve.
Based on [9], it is anticipated that some of the experimental data sets will not follow the
geometry of the generic theoretical curve of Figure 9. It is anticipated that new results will be
obtained with our experimental setup. The literature does not appear to contain experimental
studies on the angular distribution of the scattered secondary electrons emitted from a surface
treated sample relative to the incident angle of the primary electron beam.
A scaling law will be sought for performing multipacting experiments at higher frequencies
without the presence of the accelerating beam. At higher frequencies, the size of the
experiment becomes manageable in a university laboratory. Further, this RF/microwave setup
can be used to interest and train undergraduate and graduate students for future work in this
field. Students gaining practical experience on experimental equipment similar to LANL will
be more prepared and more useful as summer interns at LANL. One or more investigators
intend to become familiar with LANL’s 3GHz cavities and sources already in existence. It is
anticipated that this effort will lead to further experimental research efforts on multipacting in
the following year.

Task 2: Optimal Design of Niobium Cavities
There are a number of criteria that need to be considered when optimizing niobium cavities.
The most important ones are the quality factor Q0 [2] and the ratios of peak surface fields to the
average accelerating field in the cavity. As a first step in optimizing the niobium cavities the
quality factor is used as a performance measure. It is defined as
ωU
Q0 = 0
Pc
where U is the stored energy, Pc is the power both dissipated in the cavity walls and absorbed
by the multipacting electrons, and ω0 is the angular frequency of the accelerating mode. The
peak field ratios will be considered according to a strategy that will be defined in collaboration
with LANL. The above equation shows that minimizing the lost energy and maximizing the
stored energy can maximize the quality factor. An alternative measure of multipacting used is
the global multipacting factor [11] which is the averaging over the total number of initially
emitted electrons over the distributed cavity surface:
k

N 0 ∏ δ (K m )
m =1
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Because we are optimizing the geometry of the cavity to reduce or eliminate multipacting, the
above measure will be modified to monitor multipacting at localized regions on the cavity
surface. To take into consideration that secondary electrons may be responsible for initiating
multipacting, a number of particles with varying phase will be launched at positions where the
secondary electron emission is greater than unity, refer to Figure 2. This will allow us to
artificially track secondary electrons that may potentially cause multipacting.
The parameters that affect the quality factor include the geometry of the cavity and its
surface finish. While spherical cavities yield the best performance with respect to multipacting,
elliptical cavities are usually used because they can be easily manufactured and tuned. They
also offer higher mechanical stability [2, 3]. The proposed research defines the shape of the
cavity by using ten variables as shown in Figure 10. The design is subject to these constraints:
ω 0 − 700MHz ≤ ε
A1 ≤ ya + ra ≤ B1
A2 ≤ xe + Lo ≤ B2
A3 ≤ ye − be ≤ B3
A4 ≤ xe ≤ B4
A5 ≤

ae
≤ B5
be

A6 ≤ ra ≤ B6
A7 ≤ φ a ≤ B7
A8 ≤ φ L ≤ B8
Additional constraints for mechanical stability of the cavity and manufacturing will be also
added.

ra
φa
L
φL

ae: minor radius
of the ellipse
be: major radius
of the ellipse
(xe,ye)

ya
Lo

Figure 10. Variables that Describe the Cavity
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Once a performance index is determined, other design constraints will be considered. These
constraints include geometrical constraints and surface finish constraints. Geometrical
constraints ensure that the shape of the cavities is acceptable while the surface finish constraints
present the lowest acceptable and the highest possible surface finish quality. The problem of
maximizing the performance of the niobium cavities will be solved on several stages. The first
stage is to determine the appropriate optimization approach by calculating the quality factor for
several values of the problem variables. The results will be analyzed, if it is linear or
moderately nonlinear, a pattern search method will be used. We will start with an algorithm
such as Fuzzy Simplex [13], which incorporates fuzzy logic to make the simplex search
flexible. Another possible approach is the Twinkling Simplex [14]. In this method a subset of
the problem variables are randomly selected for the subsequent simplex movements. If the
problem proves to be highly nonlinear, the Successive Heuristic Quadratic Approximation
(SHQA) technique [15] will be used. This quasi-random method proved very effective in
getting the optimal design for a complex system where the objective function is a result of
finite element analysis as in this problem. As familiarity with the problem increases, it may be
possible to propose an optimization algorithm that fits with the particulars of this problem.

Task 3: Optimal Design of the Etching Process
The ultimate goal of the primary optimization is a cavity shape that fulfills all mechanical
and RF requirements. The optimization of the chemical etching process will be conducted for
this cavity design. The velocity of the flow should be as uniform as possible in the case of
laminar flow to ensure a uniform etching. Velocity distribution will allow mass transfer rates
to be calculated to determine etching rates of the surface.
3.1. Mass Transfer Calculations for the Erosion of Material from the Niobium Cavity:
FEMLAB, FIDAP, and STAR-CD are capable of modeling heat transfer as well as fluid
flow. Mass transfer rates at the surface of the niobium cavity can be predicted through the
Reynolds Analogy by using these software packages to predict heat transfer rates. Through the
use of these numerical codes, the rate of mass transfer can be predicted from the surface of the
cavity due to the acid etchant. This information may be included in the optimization process to
predict the nominal shape of the niobium cavities that will produce the best surface finish upon
acid etching.
Convection is the mechanism that allows a moving fluid to remove heat from a surface.
Advection, an analogous phenomenon, is the mechanism that allows a moving fluid to remove
mass from a surface. Most fluid flow computer codes, such as FEMLAB, allow the user to
predict heat transfer rates from a surface for a given surface and fluid temperature. Both
phenomena are strong functions of the Reynolds number in the flow. The Reynolds number
represents the ratio of inertial forces in the flow to viscous force and is given by:
Re = ρV D / µ
Where:

ρ = density of the fluid (kg/m3)
V = fluid velocity (m/s)
D = characteristic dimension (m)
µ = dynamic viscosity (kg/m-s)
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Another dimensionless property of a fluid is the Prandtl number, Pr, that expresses the rate
of momentum transfer to heat transfer within a fluid:
Pr = ν / α
Where:

ν = kinematic viscosity of a fluid (m2/s)
α = thermal diffusivity (m2/s)

The heat transfer rate, dq/dt, is usually defined as a function of the surface area and a
convective heat transfer coefficient, h.
dq/dt = h A (T – T ∞ )
Where:

q = convective heat transfer (W)
h = convective heat transfer coefficient (W/m2-K)
A = surface area (m2)
T = surface temperature (K)
T ∞ = ambient fluid temperature (K)

On the other hand, the mass transfer rate, dm/dt, of substance A into fluid B is given by a
very similar equation:
dm/dt = K A (xA – xAo)
Where:

K = mass transfer coefficient, (m/s)
xA = concentration of substance A in fluid B, (kg/m3)
xAo= concentration of substance A in fluid B at the wall, (kg/m3)

Relationship Between Momentum, Heat, and Mass Transfer
The equations governing the transfer of momentum, heat, and mass within a fluid are all
analogous varying only with ν (dynamic viscosity), α (thermal diffusivity), or DAB (diffusivity
of substance A into fluid B):



∂V
∂V
∂ 2V
vx
+ vy
=ν 2
∂x
∂y
∂y
∂T
∂T
∂ 2T
vx
+ vy
=α 2
∂x
∂y
∂y
∂x A
∂x
∂2 xA
+ v y A = D AB
∂x
∂y
∂y 2
The Reynolds Analogy is used to relate mass transfer and heat transfer rates to shear stress
at the walls of a flow. The convective heat transfer coefficient, h, may be computed from the
vx
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friction coefficient, Cf, at the wall and the Prandtl number which is a function of the fluid
properties.
Cf
h
Pr 2 / 3 =
ρ U ∞C p
2

Where,

ρ = density of the fluid (kg/m3)
U ∞ = free stream velocity (m/s)
Cp = specific heat at constant pressure (W/kg-K)

The mass transfer coefficient, K, may also be expressed in terms of a dimensionless
property, the Schmidt number (Sc), and the friction coefficient:
Cf
K
Sc 2 / 3 =
2
U∞
The Schmidt number is related to the viscosity of the fluid and the diffusion rate of A into B.
Sc = ν/D
It is possible to obtain the mass transfer coefficient, K, from the heat transfer coefficient, h:
 Le −2 / 3 

K =h
 ρC 
p



Where the Lewis number, Le, is given in terms of fluid properties:
Le = Sc / Pr
For a given velocity distribution, FEMLAB and other computational heat transfer codes can
predict the heat transfer rate, dq/dt, along the surface to be acid-etched. By analogy, it is
possible to compute the mass transfer rate of material from the surface of a niobium cavity due
to the action of an acid etchant.
In FEMLAB, concentration differences are replaced by temperature differences. The
Reynolds Analogy is used to obtain the mass transfer rates through equations given above.
Through the use of the numerical code, FEMLAB, the mass transfer rates will be estimated
from the Reynolds Analogy. The mass transfer may be used in the optimization code to predict
the ideal profile of the pre-etched cavity. Mass transfer rates will also be compared to
experimental results for validation.
3.2. Optimization Performance Index:
To mathematically describe this phenomenon, we create internal boundaries parallel to the
inner walls of the cavity, see Figure 11. Each cavity is divided into six sections. As shown in
Figure 12:
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Bottom iris
Bottom straight
Bottom equator
Top equator
Top straight
Top iris

Figure 11. Internal Boundaries Used to Describe Flow Along the Internal Walls of the Cavity

Figure 12. Close-up of the Internal Boundaries Used to Describe Flow Along the Internal
Walls of the Cavity
Inlet and outlet are represented using one boundary each. The velocity is integrated along
each section. A performance index is defined using two quantities as follows:
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PI = F 







Where:






vav
+
n
vds 


ds
i =1


n


∑∫
∫

 vds


−V 
 ds

i =1 


nV

∑∫
∫

2

n

F is a factor to allow combining the two quantities in the same performance index.
vav is the average inlet velocity.
v is the velocity at any point along the internal boundaries.
n is the number of sections (total of thirty-two).
V is the average velocity along the walls of the cavity, which can be expressed as:
vds
∫
∑ ds
∫
V=
n

i =1

n

The first quantity describes the average velocity along the internal boundaries of the baffle
while the second one defines its standard deviation. The objective of the optimization is to
maximize the first and minimize the second variable.
A second possibility that will be explored is to use the mass transfer rate instead of velocity
as the basis for the objective function
Using the Fuzzy Simplex optimization method [13] and varying the variables of the original
baffle design (Figure 13) resulted in no significant improvement of the objective function,
which led to proposing a new baffle design as shown in the next section.

Figure 13. Variables for Optimal Design of the Baffle Problem
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Task 4: Redesign the Etching Process to Maximize Surface Uniformity
The surface finish of the niobium cavity plays an important role for achieving the best
performance. Even microscopic contaminants on the surface of the cavity can seriously affect
its performance due to magnetic heating or electron field emission. As a consequence, a surface
finish treatment is needed after fabrication of the cavity. Studies in the first phase of this project
using computational fluid dynamics (CFD) helped in better understanding the process. Our
preliminary studies also showed that the quality of etching could be further improved. We
propose to look at several issues during this phase of the project including:
1. Redesign of the Baffle
2. The effect of turbulence on etching
3. Flow visualization
The remainder of this section details the proposed approach for these subtasks.
4.1. Redesign of the Baffle:
As seen in an earlier section, we already started the process of redesigning the baffle. The
new design results in a more laminar flow (Figure 5), which is achieved by extending the baffle
inside the cavities. Design of an expanding baffle represents a challenging problem due to
space limitations and the chemically aggressive environment. Figure 14 represents a possible
design for an expanding baffle. This design is cam-activated. It has the baffle made of four
sections. Each section can be expanded or retracted by rotating a cam that moves a springloaded follower, which is attached to the baffle section. This design, and other possible
alternatives, will be analyzed using Working Model 3D, which is a simulation tool for
mechanical systems. We will be designing and manufacturing a prototype during this phase of
the project. The design should also consider avoiding contamination by the particles falling
from the baffle during the movement.
4.2. The effect of turbulence on etching:
The current etching configuration results in a fluid flow that is at the borderline between
laminar and turbulent flow. No research has considered the effect of turbulence on chemical
etching. The flow could be made turbulent by adding a rotation to the baffle. This process may
however be restricted by the practical consideration of the limitation on the velocity of the
baffle rotation. CFD simulation of the process will be conducted to assess the usefulness of
turbulent flow.
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Cam
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a. Retracted Baffle
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Figure 14. Possible Design for an Expanding Baffle
4.3. Flow visualization:
In a recent visit to LANL, discussions with LANL personnel lead us to the conclusion that
flow visualization is needed to help verify the FEA simulations and to give better insight to the
problem. Dr. Tajima has agreed to loan us a transparent plastic cavity that will be used at
UNLV to simulate different etching conditions. The previous year’s numerical work produced
velocity distributions within the etchant used to produce the final finish in the niobium cavities.
The flow is laminar and pockets of recirculating flow were reduced by changing the baffle
design. Verification of the predicted velocity distributions can be done on a prototype niobium
cavity using acid etchant at great expense. Fortunately, laminar and turbulent flow distributions
can be verified experimentally through dynamic similitude by choosing a “model” fluid that
has the same Reynolds number for the desired flowrate.
Water, for example, has a viscosity and density that is similar to that of the acid etching
fluids at the desired flow velocities. The Reynolds number is a dimensionless quantity that
relates the inertial forces in a fluid to viscous forces. By matching the Reynolds number of the
flow in a model to the prototype cavity, the resulting flow patterns will be the same. The
velocity of the “model” fluid must be adjusted for differences in fluid density and viscosity:
 ρp
Vm = V p 
 ρm

 D p

 D m

 µ m


 µ p






In this expression, the subscripts for the model (m) and prototype (p) system are related through
dimension D, density ρ, and dynamic viscosity µ.
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Experiments are proposed using a flow visualization technique to visualize the flow of a
“model” fluid through a plastic prototype of the niobium cavity provided by LANL. PLIF,
PIV, or dye injection will be used to verify that the numerical codes accurately predict the flow
behavior seen in the experimental model system.
For verification of the etchant velocity distributions predicted by FEMLAB, various flow
visualization techniques are available. PLIF or dye injection provide quantitative verification
that laminar flow exists within the niobium cavities during etching. Both techniques also verify
the absence of recirculation pockets within the cavities. Several factors will be considered
including, different flow rates and flow patterns, i.e. laminar or turbulent flows, with or without
agitators or baffles.
4.4. Measurement of Etching Rates and Surface Roughness:
Etching rates of the niobium are not well documented. We propose measuring the etching
rates and surface roughness of niobium under different etching conditions using metal coupons
under different flow velocities. This experiment will be done in LANL since they have the
necessary expertise and hardware for the etching process.

Capabilities at the University and Los Alamos:
LANL is already active in the area of designing SCRF cavities. Lab personnel collaborated
with U.S. industry in the area of cavity fabrication. Some of the research facilities needed to
pursue this project are available at UNLV except for the Flow Visual System identified in
Table 1. The test system is listed in this proposal for information purposes only. The
equipment is not included in this budget of the proposed research. The UNLV AAA Ad Hoc
Committee on Infrastructure will be reviewing and making equipment-funding
recommendations regarding this test system in the near future. The cost estimate is listed here
to provide detailed information to these committees. Short delays in obtaining the equipment
may not have an impact on the progress of this project. The investigator planning to use the
equipment will spend some time at Los Alamos undergoing intensive training in the field
during the initial period of the research and design studies will need to be conducted for
adequate operation of the system. The flow visualization system finds applications in many
mechanical engineering and chemical problems. It will be especially helpful in studying the
lead-bismuth loop that may be installed in UNLV.
Minor Equipment Requested for AAA User Labs:
• In preparation for future secondary electron emission experiments modest overall clean
up and maintenance cost are requested to refurbish a surplus vacuum system that has
not been operated for many years. A mass spectrometer and an electron gun will be
installed on the vacuum chamber.
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Table 1: Flow Visualization Equipment Needs for this Project*
Equipment
Flow Visualization System
Traverse Mechanism ($15,500)
CCD Camera ($13,000)
Computer ($2,500)

$

Cost
31,000.00

*These costs are being requested through the Research Infrastructure
Augmentation funds of the UNLV AAA University Participation
Program and are intentionally excluded from the proposed budget for
this project.

•

Flow Visualization: pump, viscous fluids to simulate the etching fluid and dyes, seeding
particles, and cavity supporting structures. These materials will be in support of the
equipment listed in Table 1.

Project Timeline:
Timeline Narrative

The proposed research is planned to cover one year, starting in Summer 2002. Research will
be conducted with close interaction with appropriate personnel at LANL. We have allocated
travel funds for research collaboration with LANL personnel.
The first stage of this project will be dedicated to familiarize researchers and graduate
students with new hardware and software packages that will be used in this project. In the
second stage researchers will set up experiments. The last part of the project will be spent in
assessing the results. Based on the results at the end of the year, we expect to expand the
project into a more experimental direction as stated in the proposal.
Expected Technical Results:
• A study of multipacting in niobium cavities with multiple cells.
• A study of the relationship between the shape and surface condition of a cell and its
performance.
• Suggestions for improving the results of chemical etching.
• A systematic approach for optimizing the performance of niobium cavities.
Milestones (Based on starting date of May 15th, 2002)
• Continue current research on multipacting phenomenon, September 2002.
• Optimization of the cavity shape to minimize the possibility for multipacting,
November 2002.
• Optimization of the chemical etching process to maximize surface uniformity,
November 2002.
• Set up a flow visualization experiment to evaluate flow patterns of the etching fluid,
December 2002.
• Vacuum system operational, February 2003.
• Evaluation of the flow visualization experiment March 2003.
• Preparing final report: May 2003.
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Note: Researchers will submit to the UNLV AAA director monthly updates and quarterly
progress reports to help monitor the progress of the project.
Deliverables
In addition to monthly updates and the quarterly and annual reports, researchers expect to
publish the results of this project at the appropriate technical conferences and journals. This
project will lead to M.S. theses for the graduate students participating in this project.
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Dear Dr. Schill and Dr. Trabia,
I have received your proposal on superconducting (SC) RF cavity development, "Modeling,
Fabrication, and Optimization of Niobium Cavities – Phase II." The proposed research fits
well with the SC RF development work ongoing in the AAA Project.
Especially, the following items would match the efforts being made at LANL as well as
contribute to the SC RF community.
1. Study conditions for best chemical etching, e.g., increase the uniformity of the flow of
the chemical etching solution to get smoother surface of the SC cavity. This may
contribute to getting higher quality factor and higher gradient. Designing an
expandable baffle sounds like a good theme for a graduate student.
2. Perform a multipacting study using available codes and compare with experimental
results, together with the tests to get secondary emission coefficients of realistic
niobium surfaces. An integration of these results and an optimization of RF properties
of a cavity would enable one to design a multipacting-free cavity, which will result in a
higher accelerating gradient.
3. Develop a cavity design optimization algorithm. This may enable cavity designers to
eliminate some iterative efforts, although similar programs may already exist.
We, SC RF team at LANL, will support your efforts and provide help in carrying out the
proposed work.
Yours Sincerely,
Tsuyoshi Tajima on behalf of SC cavity team at LANL
______________________________________________
Dr. Tsuyoshi Tajima
Team Leader
Superconducting RF Engineering
LANSCE-1
Los Alamos National Laboratory
TA53, MPF 6, Rm. 102
MS H817
Los Alamos, NM 87545
USA
Email: tajima@lanl.gov
Phone: 505-667-6559
FAX: 505-665-2904
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