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Abstract
The European Spallation Source (ESS) is one of Europe's largest research
infrastructures, to bring new insights to the grand challenges of science and
innovation in fields as diverse as material and life sciences, energy, environmental
technology, cultural heritage, solid-state and fundamental physics by the end of
the decade. The collaborative project is funded by a collaboration of 17 European
countries and is under design and construction in Lund, Sweden.
A 5 MW, long pulse proton accelerator is used to reach this goal. The pulsed
length is 2.86 ms and the repetition frequency is 14 Hz (4 % duty cycle). The
choice of SRF technology is a key element in the development of the ESS linear
accelerator (linac).
The superconducting linac is composed of one section of spoke cavity
cryomodules (352.21 MHz) and two sections of elliptical cavity cryomodules
(704.42 MHz). These cryomodules contain niobium SRF cavities operating at 2 K,
using the accelerator cryoplant and the cryogenic distribution system.
This paper presents the superconducting RF cavity and cryomodule cryogenic
processes, which are developed for the technology demonstrators and to be
ultimately integrated for the ESS tunnel operation.

Introduction to SRF linac
The European Spallation Source (ESS) superconducting Radio-Frequency (SRF) linac
has been designed to deliver to the target a time averaged proton beam power of
5 MW at the completion, with a stage at 1 MW in 2019. The layout of the
superconducting linac lattice has been optimized (Optimus+). The SRF linac is
composed of twenty-six double spoke cavities (β=0.5), thirty-six 6-cell mediumβ elliptical cavities (β=0.67) and eighty-four 5-cell high-β elliptical cavities
(β=0.86). The spoke cavities and elliptical cavities are gathered two-by-two and
four-by-four in their cryomodules, respectively. The SRF linac is designed,
prototyped and tested in partnership with the ESS, CEA-IRFU, CNRS-IPNO and
Uppsala University. Several other key scientific institutions will join this
partnership for the SRF linac series fabrication, testing, installation and
integration, as part of the ESS In-Kind Contribution.

SRF Cryomodules Production and Cryogenic Process
The SRF cavities and cryomodules are designed to comply with the SRF linac requirements.
The SRF performance of the spoke cavities is the critical path to obtain spallation neutrons
for the first operation of the ESS accelerator [2]. In addition, stringent SRF requirements
impose a peak field of 45 MV/m for the elliptical cavities and a maximum RF power of 1.1
MW transferred to the proton beam by each power coupler. Hence, each component lifecycle and its over-all assembly require an specific quality procedure for the production of
the series cryomodules.
Conclusion
The design of the ESS SRF components has been completed to achieve stringent SRF
performances while studying carefully the requested life-cycles of the cavities and cryomodules
series production. The cryogenic process and functional analysis for the SRF linac permit to
define the operation modes. The signal conditioning and control system will be tested during the
prototyping phase. Large risks for the cavities and cryomodules tunnel integration have been
identified. The mitigation of those risks will be possible using a systematic approach.

Control of the cryomodule operation
More than 100 field objects are available for each cryomodule. Signal
conditioning and Programmable Logic Controller (PLC) are used for the
control of the cryogenic valves and instrumentation located in the
cryomodules and in the jumper connection. The control system is
distributed and uses Profibus for commercial IOs and intelligent valve
positioners. Cables link the field objects in the tunnel to the electronic
hardware located in the gallery. The electronics is installed in protected area
because of the high radiation dose that is expected inside the tunnel in the
cryomodule area.

