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Abstract
After successful finishing of superconducting cavities mass

production at Ettore Zanon S.p.A. (EZ) for the European XFEL
(EXFEL), the authors had the possibility to provide a detailed
analysis of the electropolishing (EP) process. The analysis of EP
material removal is based on specified RF measurements and
was used for the determination of both, the ratio between cavity’s
iris and equator and uniformity in different cells. A comparison of
the RF measurements results with mechanical measurements is
presented.

Summary

 The pi-mode frequency change depends on the average amount of removed
material from the inner cavity surface and the ratio of removed material between
iris and equator. Corresponding correction (2.2) allows us to increase the accuracy
of mean removed material for a cavity from 30 % to 7 % (see Fig. 1).

 Calculated values of mean removed material along one cell (Fig. 2) and in the
middle cavity cells (Fig. 3) coincide with ultrasonic depth measurements,
presented in [3]. The deviations for the end cells (1 and 9) can be explained by the
uncertainties of ultrasonic measurements.

 Modern analysis of the cavity geometry deviations during the EP process is based
on RF measurements. It provides us with very accurate calculations and is a quick
tool using the results of non-contact measurements.
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Figure 1. Deviation of EXFEL cavities parameters during EP at E.ZANON (for 300 cavities).
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Algorithm of Analysis

Removed material along one cell:

dR௖௘௟௟ ൌ fሺzሻ, (1.1)

is determined in the range ࢠ ∈ ሾെ
ࢉࡸ
૛
,
ࢉࡸ
૛
ሿ, where Lc is the length of a cell.

The function f(z) depends on the distance between the electrode of EP and cell’s
surface, local shielding of EP cathode, temperature of the working liquid and other
parameters. However, the integral of this function:

׬ ݂ሺݖሻ݀ݖ
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ൌ ݀	௖ܮ തܴ௖௘௟௟, (1.2)

The real form of the function cannot be found by the analysis of RF
measurements.

For the smooth f(z) distribution (Fig. 2, black dash line) the removed material from

iris ܴ݀݅ ൌ fሺേ
௅೎
ଶ
ሻ and equator ܴ݀݁ ൌ fሺ0ሻ can be found from matrix equation [1]:
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where ܣ ൌ െ280.19 279.20
െ76.56 7.91

µm/MHz,

dFo and dFpi are frequency changes of zero- and pi-mode correspondingly.

Mean removal along a cavity:

Frequency correction (Fc) due to changes of the ratio dRi/dRe relative average
value:

F௖ ൌ 622 ∙
ௗோ௜

ௗோ௘
െ 1.84 kHz, (2.1)

The average amount of removed material (݀ തܴ) can be calculated by the pi-mode
frequency deviation (dFpi):
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where
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= 5.7
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ஜ௠
– frequency sensitivity for EP process.

Removed material in different cavity cells:

࢒࢒ࢋࢉࡾࢊ ൌ ࢒࢒ࢋࢉࡲࢊ ࡲࢊ
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ࡾࢊ
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where ࢒࢒ࢋࢉࡲࢊ – deviation of eigenfrequencies of cavity cell during EP, which can be
determined, based on RF measurements (spectra and field amplitudes), after
cavity welding [2] or calculated from subcomponents frequencies, taking into
account the deviations during equator welding.

Calculations and Comparison
Removal material along one cell

Figure 2. Mean removal value along a middle cell.

Figure 3. Mean removal value in different cells.

Figure 4. Estimation of removed material along a cavity (green line) and 
in separate cells (blue dashes).
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First results of EP analysis
were done for the first 4
cavities and presented on
SRF2013 [3] (values marked
red).

New RF analysis was done for
12 cavities of different time of
production (values marked
black).
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