10P Publishing Eng. Res. Express 6 (2024) 025009 https://doi.org/10.1088/2631-8695/ad408a

Engineering Research Express

PAPER
Damage recovery for SRF photoinjector cavities

Yegor Tamashevich* @ , Axel Neumann*, Andre Frahm®, Frank Gobel*, Sascha Klauke®,
Alexander Matveenko', Henry Pl6tz*, Alena Prudnikava' @, Ivo Rudolph*, Michael Schuster,
Jan Ullrich' and Jens Knobloch*?

t Helmholtz Centre for Materials and Energy, D-12489 Berlin, Germany

2 Department of Physics, Universitat Siegen, Walter-Flex-Str. 3, 57068 Siegen, Germany

E-mail: yegor.tamashevich@helmholtz-berlin.de

Keywords: niobium, superconducting cavity, niobium oxide, mechanical polishing, x-ray photoelectron spectroscopy, high-pressure water
rinsing, hydro




The



assembled in the cleanroom with the cavity, the so-called cold-string horisontal test, until the last run in the Gun
Lab with photo-cathode transferred towards the half-cell’s back wall opening.

The cryomodule operation has demonstrated a large dark current even without a cathode installed [9]. RF
operation was also performed with a copper cathode and demonstrated a signi



After the cathode was removed, the surface optical inspection by means of a high resolution camera did not
reveal any visible scratches or indents at the cathode resting position. On the other hand, high re



removed from the surface. A standard high pressure rinsing (HPR) (6 passes with 10 mm min



removed and the cathode opening diameter is about 0.5 mm larger than designed. Section 3 (black line) passes
Defect #1 (see



Therefore, we decided to perform local mechanical polishing of defects followed by very light BCP
(max. 10



switching to smaller grain size polishing. Individual polishing heads were used for every grain size to avoid
scratchesata



Gun 1.1 received asingle BCP etch, with 4.5



additional study of the material in colorized regions (see section 9) and developed a retreatment procedure (see
section 10).
After removal of the oxide layer by rinsing with hydro



As the main-cell side is the most critical part of the cavity it must be cleaned more thoroughly. We cleaned
the main cell side



The coupons received an HPR with the same settings as the cavities that oxidized to identify a proper surface
treatment procedure.

9.1. Material analysis of coupons

The x-ray photoelectron spectroscopy (XPS) of niobium coupons was performed at the dipole beamline RGBL,
BESSY Il synchrotron-radiation facility (HZB, Berlin) at photon-beam energies of 450-1000 eV and normal-
emission geometry at a 55° angle between the incident beam and the analyzer aperture. The binding-energy (BE)
scale of the spectra was calibrated using the Au 4f,,, core-level peak located at 84.0 eV measured with a metal foil.
The spectra processing was performed using the CasaXPS software package using the



The Nb 3dand O 1s core-levels (



continuously measured and rinsing was stopped when it reached 100k cm. Afterwards the water was drained
and the cavity was transported in to the clean room for ultrasound cleaning and HPR.

In Gun 1.0 the colour layer was completely removed after 30 min of HF rinsing,while for Gun 1.1 it took
150 minin 3 steps: 30 min, 60 min and 60 min. This suggests that the oxide layer in Gun 1.1 was much thicker.
After each step the cavity was rinsed with ultra-pure water and checked in the clean-room. Typical images of the
surface before and after HF rinsing are shown in



As one can see, performance of Gun 1.0 is signi



As aresult we demonstrated the
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