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Abstract

The Accelerator Science and Technology Centre
(ASTeC) is responsible for delivering 88 High Beta (HB)
cavities as part of the European Spallation Source (ESS)
facility in Sweden. The bulk Niobium Superconducting
Radio Frequency (SRF) cavities operate at 704 MHz. They
have been fabricated in industry and are currently being
tested at Daresbury Laboratory and Deutsches
Elektronen-Synchrotron (DESY). They will then be
delivered to Commissariat a I’Energie Atomique et aux
Energies Alternatives (CEA) Saclay, France for
integration into cryomodules. To date 50 cavities have
been conditioned and evaluated and 36 cavities have
been delivered to CEA. This paper discusses the
experiences and testing of the cavities performed to
date at both sites.

INTRODUCTION

As part of the UK In-Kind-Contribution (IKC) to the Eu-
ropean Spallation Source (ESS) facility in Sweden, STFC
are providing 88 704 MHz high-beta superconducting RF
cavities. These cavities are to be delivered to CEA-Saclay,
France for integration into 21 cryomodules which will then
be delivered to ESS. The cavities are required to have a
quality factor (Qo) of 5 x 10° at an accelerating gradient of
19.9 MV/m.

The test system used at STFC is quite different to most
others used around the world. Cavities were tested horizon-
tally, and cooled only by filling the LHe tanks [1] whereas
most other systems use complete bath immersion. The
other significant difference was that the radiation detectors
at each end of the cavity were much closer. At STFC the
detectors at each end were typically 25 to 30 cm from the
ends of the cavities. This results in detection of radiation
onset much earlier in the STFC system. A schematic of the
STFC setup is presented in Fig. 1. The detectors are at each
end of each cavity, immediately outside the cryostat, but
are not shown in the diagram.
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Figure 1: Schematic of STFC test system. Showing 3 cav-
ities inside the cryostat.

Most other systems place the detectors 2 or 3m from the
ends. A schematic of the test system at DESY [2] is shown
in Fig. 2. Thus, the detectors at STFC are approximately
10 x closer. It was therefore expected, that the dose rate
reading would be about 100x higher, from the simple 1/r?
effect. At STFC there is also significantly less shielding
material between the ends of the cavity and the detectors.
Overall these two effects resulted in a dose rate reading at
STFC that was approximately 300x larger than that meas-
ured at DESY.
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Figure 2: Schematic of DESY test system.

The ESS HB cavities have been fabricated by RI Re-
search Instruments GmbH in Germany. All 88 cavities have
been fabricated and delivered for testing.

CAVITY TESTING

Testing of the production cavities has been performed at
both DESY and at STFC. However, the qualification of the
pre-series cavities was conducted at DESY as it was not
possible to test bare cavities at STFC. HO01 to HO04 were
initially tested bare to verify the buffer chemical polishing
(BCP) and high- pressure rinse (HPR) processes and were
then retested again after the jackets had been added as
shown in Fig. 3. It was noted that HO03 had an issue with
a stain on the beam pipe which appeared to cause the radi-
ation seen from an accelerating gradient of 16 MV/m. To
verify the testing system at STFC H004 jacketed was tested
at STFC. Results in Fig. 4 show an excellent correlation
between the results obtained at DESY and STFC. Typically
errors in E and Q, from run to run, are about 20% and 10%
respectively [2]. The agreement between the results for
HO004, measured at both sites was well within this, and pro-
vides an excellent validation of the STFC measurement
system. The repeatability of the results for HO04, were also
examined at STFC. This was done by making repeated
measurements in the top, middle and bottom cradle posi-
tions. All of which showed good agreement within ex-
pected experimental error. The radiation values for HOO1,
HO002 and HO04 were at the noise floor for the DESY de-
tectors. Consequently, only those for HO03 are shown in
the figure below.

Proton and Ion Accelerators and Applications

Superconducting structures

LINAC2022, Liverpool, UK

JACoW Publishing
doi:10.18429/JACoW-LINAC2022-MOPOGE25

1E+11 r 1.0E+01

1.0E+00

§ 1E+10

1E+09
0 2 4 6 8 10 12 14 16 18 20 22 24

Gradient (MV/m)

ESS Requirement ¢ HOO01 Qo = H002 Qo * HO03 Qo
H004 Qo <+ HOO1 X-ray ~&-H002 X-ray ©-HO0O03 X-ray
HOO04 X-ray DESY X-ray limit

Figure 3: X Ray results HOO1 - HO04 dressed cavity testing
at DESY
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Figure 4: H004 cavity test results at DESY and STFC.

Having established the procedure for the processing of
the cavities at RI, manufacture of production cavities could
commence. However, the testing of cavities highlighted an
issue with field emission (see Fig. 5). A pass rate of only
28% was achieved for the first 18 cavities tested. The pro-
cesses at RI were reviewed and several improvements were
made, the main refinements were to double the final HPR
from 12-hours to 24-hours and to include the installation of
a Teflon disk on the bottom beampipe during coupler as-
sembly so as to prevent the ingress of particulates. The pass
rate of cavities increased to 67%. The test results for a sam-
ple number of cavities are shown in Fig. 6. Due to the fact
that the production rate from RI was higher than initially
could be tested at STFC, there were a number of cavities
that had been delivered which had only received a 12-hour
HPR. Thus, a decision was made to return these to RI for
an additional 24-hour HPR process without testing. The
first batch of these cavities has been received at STFC and
are under-going testing. Initial results for these cavities
tested to date at STFC have seen a reduction in the pass
rate and this is currently under review.
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Figure 5: Production testing of cavities at DESY with a 12-
hour HPR.
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Figure 6: Production testing of cavities at DESY with a 24-
hour HPR.

Additionally, as HO04 did not show signs of field emis-
sion, a cavity, H048, with field emission was tested at both
STFC and DESY, so as to provide a comparison of radia-
tion measured at both facilities. The results shown in Fig. 7
highlight the fact that the STFC system has the ability to
detect the onset of radiation at a much earlier stage and
shows that at the operating gradient of 19.9 MV/m that
there is a factor of approximately 300 difference between
the measurements. Onset of radiation was detected at ap-
proximately 12 and 17 MV/m at STFC and DESY respec-
tively.

As part of the requirements for operation of the cavities
at ESS the higher order modes (HOMs) are required to be
more than +5 MHz multiples of the machine line,
352.2 MHz. To date all cavities have successfully passed
this requirement apart from HO068, which had a 4" har-
monic which was at 4.3 MHz from 1408.8MHz. Other au-
thors have suggested that the HOM can be much closer
than this to the 4" harmonic of the machine line, without
causing any significant problems [3]. Their work suggests
that it can be as close as 5 kHz before it causes significant
problems to the operation of the accelerator.
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Figure 7: Radiation comparison of H048 at STFC and
DESY.

SUMMARY AND FUTURE WORK

Testing of the cavities is currently well under way at
DESY and STFC. To date 36 cavities have been delivered
to CEA for integration into cryomodules, of which 2 have
already been fabricated. Issues have been encountered with
field emission from cavities during testing. Improvements
to the processing of the cavities within industry have
yielded a much-improved first-time pass rate, however
later cavities delivered have seen a dip in the yield. Further
investigations are under way to look for improvements to
the first-time pass rate.
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