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1 Introduction

In an effort to reduce field emission in superconducting rf cavities, high-pressure
rinsing has been used successfully by numerous laboratories as a final step in
cavity preparation (e.g. [1, 2]). The process involves bombarding the cavity
interior with needle-point jets of high-purity deionized water at pressures on
the order of 1000 psi (≈ 67 atm). By moving the nozzle or the cavity in the
direction of the beam axis while simultaneously rotating about the axis, the jets
are permitted to spiral along the rf surface for complete coverage of the interior.
The rinsing of a 1.5 GHz (L-band) cavity takes on the order of 1 hour.

Measurements of the cavity quality versus surface electric field have proven
that high-pressure-rinsed cavities, on average, have reduced field-emission activ-
ity. [1, 2] It is believed that potentially field-emitting micron-size particles on
the rf surface are removed by the high-pressure water jets. These particles can
be strongly adhering [3] so that other cleaning techniques, such as ultrasonic ag-
itation and low-pressure rinsing, may be incapable of removing them. It is also
speculated that sharp objects or scratches are dulled by high-pressure water,
thereby reducing their emission capability.

2 High-Pressure-Rinsed Niobium Foil

Recently, dark, millimeter-size discolorations were observed in high-pressure-
rinsed niobium cavities where the water jets strike the surface before the spiraling
motion of the jets is started.

To facilitate the examination of such spots, reactor-grade (RRR = 40) nio-
bium foil, 0.02 inches thick, was cleaned in the same manner as niobium cavities
(five minute etch in BCP 1:1:2 followed by deionized water rinsing). The foil was
then high-pressure rinsed at 1000 psi.

Initially, a water jet was permitted to bombard a single spot for five minutes.
It then was moved an inch before pausing again for three minutes. The process
was repeated several times, with shorter pauses each time (2 minutes, 1 minute,
45 seconds, 30 seconds, and 15 seconds).



(a) (b)

Figure 1: Optical microscope pictures of niobium foil exposed to a 1000-psi needle-point
water jet. (a) Bombardment for 5 minutes. (b) Bombardment for 30 seconds. Magnifi-
cation is 50×. Note: These figures should be viewed in color — PDF and postscript files
are available at http://www.lns.cornell.edu/public/SRF/1998.

3 Surface Modification by High-Pressure Rinsing

A visual inspection of the foil revealed dark spots where the stationary water jet
struck the foil. The shorter the bombardment time, the lighter and smaller the
spot. Between the spots, where the water jet was in motion, light-brown tracks
were visible. Both the spots and the tracks remain over many months.

A closer examination under an optical microscope demonstrated that the
spots actually consisted of a number of colorful rings, presumably interference
fringes (see Figure 1). The number of fringes increases with the exposure time,
although for long exposures some saturation effect is observed (see Figure 2).

Further examination of the spots in a scanning electron microscope (SEM)
revealed numerous micron-size pits (Figure 3). Furthermore, the intrinsic surface
roughness of the niobium was reduced, as can be seen in Figure 4.

An energy-dispersive x-ray (EDX) analysis demonstrated that the spot region
has an enriched oxygen content with respect to the rest of the foil not exposed
to the high-pressure water (Figure 5). At present, though, the stoichiometry of
the niobium–oxygen system is not known. Presumably, the appearance of an
increasing number of optical fringes with rinsing time (Figure 2) is related to an
increased oxygen concentration in the niobium and/or an increased thickness of
the oxygen-rich layer.

4 Conclusion

High-pressure rinsing of niobium cavities apparently not only removes particulate
contaminants, but also alters both the chemical and physical characteristics of the
rf surface. This fact may contribute to the reduction of field emission at high elec-
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Figure 2: Number of fringes (of one color) observed as a function of exposure time to
high-pressure water.

(a) (b)

Figure 3: (a) SEM micrograph of the surface damage due to a five minute exposure
of niobium foil to a 1000-psi water jet. (b) Virgin niobium at the same magnification.
High-magnification pictures are shown in Figure 4.

tric fields. However, the surface damage resulting from long high-pressure-water
exposure could also have a detrimental effect on cavity performance. Further
systematic and quantitative studies of high-pressure rinsing with niobium and
other materials are therefore planned. A more detailed report will follow.
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Figure 4: (a) High-magnification SEM micrograph of niobium foil exposed to a 1000-psi
water jet for five minutes. The grain structure has been smoothed out and some pitting
is visible. (b) Micrograph at the same magnification as in (a) of a virgin region of the
foil (not exposed to high-pressure water).

(a) (b)

Figure 5: (a) EDX analysis of niobium foil exposed to a 1000-psi water jet for five
minutes. A large oxygen content was detected. (b) EDX analysis of a virgin region (not
exposed to high-pressure water).
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