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Introduction

The European Spallation Source (ESS) in Lund, Sweden, will collide a pulsed beam of protons
with a heavy metal target in order to generate an intense flux of neutrons for use in a wide
range of scientific research [1].
In the nominal parameter set, the proton beam will have a current of 50 mA, and a final
kinetic energy of 2.5 GeV. The 2.86 ms macropulses will impact the target with a repetition
rate of 14 Hz, and will be bunched with a frequency of 352.21 MHz.
A cartoon of the current baseline layout is shown in figure 1. The subject of this document
is the “Medium β Linac” that accelerates the beam from 201 MeV to 623 MeV, and operates at
2 K. This section requires fifteen cryomodules, each containing four SC elliptical cavities with
a resonant frequency of 704.42 MHz, five resonant cells, and a geometrical beta, βg = 0.67.

Figure 1: Schematic layout of the ESS accelerator.
The design of the ESS facility is broken into a number of work packages, of which one is in
charge of the medium & high β sections of the linac. This, in turn, is subdivided into a number
of work units:
1. Medium β cavity package.
2. Medium β cryomodule.
3. High β cavity package.
4. High β cryomodule.
The work described here is related to the first of these work units; i.e. the design, construction, and testing, of four medium β cavity packages to be assembled in a string in preparation
for installation in an ESS cryomodule.
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Figure 2: A dressed cavity, including the power coupler & tuning system, within a cavity string.
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Scope

As mentioned already, the scope of this work relates to the design, construction, and testing,
of a string of four medium β cavity packages. That is, four cavities intended for installation
within a medium β cryomodule, along with their associated power couplers, tuning systems,
helium tanks, etc. An example of a single unit of this system can be seen in figure 2. Figure 3
shows a full string.

Figure 3: A fully dressed cavity string.
To be specific, the scope of work described here includes the following components:
• String of four cavity packages, each of which contains:
1. A five–cell elliptical cavity.
2. Fundamental power coupler.
3. Titanium helium vessel.
4. Cold tuning systems (slow & fast).
5. HOM damping measures, if considered necessary.
6. Instrumentation:
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(a) RF field probe.
(b) Measurement devices for the cryogenic system.
It is expected that the work will follow a process of designing the system, followed by the
separate construction and testing of the cavity and cryomodule packages, and final assembly
and delivery of the full string to a testing facility. Note that designs and hardware for the
cold tuners and the power coupler will be provided by CEA–Saclay for incorporation into this
system.
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Design

The design of this system will closely follow that of the ESS High-β Elliptical Cavity Cryomodule
Technology Demonstrator [2].
Since the string developed in this project is considered a technology demonstrator, not a
prototype [3], the time reserved for updating the design for the series procurement is very short
(on the scale of one or two months), and so the design should be produced with the intention
that it will look almost identical to the series production.

3.1

Cavity

The cavity will use a five-cell elliptical geometry, and will be constructed from niobium. The
specifications are given in table 1.

Resonant frequency
Geometric beta, βg
Max R/Q
Acc. gradient (nominal)
Acc. gradient (peak)
Q0 (at peak gradient)
Peak E. field (nominal)
Peak E. field (peak)
Peak B. field (nominal)
Peak B. field (peak)
Field flatness (defined in [4])
Cell-to-cell coupling
Lorentz detuning
Minimum aperture (diameter)
Microphonic freq. variation
Tuning sensitivity, df /dz

Goal
704.42 MHz
0.67
≥ 300 Ω
≥ 15 MV/m
≥ 17 MV/m
≥ 5 × 109
≤ 40 MV/m
≤ 45 MV/m
≤ 80 mT
≤ 90 mT
≤ 8%
≥ 1.5%
≤ 2 Hz/(MHz/m)2
≥ 140 mm
≤ 10 Hz/bar
∼200 kHz/mm

Table 1: Cavity performance specifications (T = 2 K)
In order to minimise the risk of negative effects relating to the excitation of HOMs, the
cavity should be designed so that no modes below the cutoff of the beampipes lie within 5 MHz
of an integer multiple of the beam repetition rate (352.21 MHz).

3.2

Fundamental Power Coupler

The specifications of the power coupler are shown in table 2, and figure 4 shows its location in
relation to the end–cell of the cavity.
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Figure 4: Power coupler in relation to the cavity end–cell.
Given the restriction on the separation of the power coupler and the end–cell, Lc ≥30 mm,
an alternative design of the antenna may have to be considered in order to achieve the required
power coupling, QL . An example of such an alternative is shown in figure 5.

Figure 5: An alternative design for the power coupler antenna.
Goal
0.8 MW
1.35 MW
6.8 × 105 ± 10%
≥30 mm

Operating power
Peak power
QL
Lc (see figure 4)

Table 2: Coupler specifications
Note that it is expected that the power coupler designed [5] by CEA–Saclay for the ESS
high β cavities will be integrated into this package.

3.3

Cryomodule integration

The cavity string will be designed so as to integrate into the technology demonstrator for the
ESS cryomodule. This means that the CEA–Saclay cold tuner design [6] (figure 6) should be
incorporated into the titanium helium vessel, and that the cavity supports will closely match
the design of the technology demonstrator.
A cross section of the Saclay design for the titanium pressure vessel is shown in figure 7,
with closeups of the end–cell and power coupler regions shown in figure 8.
The fully integrated cryomodule will include magnetic shielding to ensure that the residual
resistance due to trapped magnetic flux is no greater than 2 nΩ. At 704.42 MHz, this implies
that a reduction of the earth’s field (∼500 mG) by a factor of 70 is required.
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Figure 6: Saclay V tuner.

Figure 7: Cross section of the Saclay design for the helium pressure vessel.

3.4

Cavity tooling

The design & testing phases will make use of the cavity tooling developed at Saclay. Examples
of cavity handling tools are shown in figure 9, and a possible field flatness measurement tool
can be seen in figure 10.
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Testing

This stage will involve the construction of a technology demonstrator of the full cavity string
in readiness for integration into a cryomodule, and initial tests of each of the four cavities are
expected before assembly of the full string.

Figure 8: Closeup of the tank/tuner interface and power coupler regions.
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Figure 9: Cavity handling tools under development at Saclay.

Figure 10: Field flatness tool under development at Saclay.
The cavity measurements will be performed in a vertical test stand, and these tests will
demonstrate the ability of each cavity to meet the Q0 specification given in table 1.
In addition, pressure tests of the tank & cavity will be performed at room temperature in
order to determine the residual deformation after a pressure cycle.
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Assembly & shipping

Once the individual cavity tests have been completed satisfactorily, the full string will be assembled, and integrated into a custom-built shipping container for delivery to the test site.
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Time-scale

In the current plan, the design update of the medium β cavity-cryomodule package begins in
mid September, 2015, and so each phase of this project should be planned so that the final
results of the full test are ready for feeding into the design update on this date.
That is, no advice is given on the length of each component of this work (design, procurement, construction, and testing, of each of the cavity and cryomodule packages, followed by
assembly, and high-power testing, of the full string), but the project must be planned such that
it has an end-date of mid-September, 2015.
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