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Introduction 

For several years, CEA has been involved in the development of superconducting linac for high flux neutrons sources aiming at testing and qualifying specific materials to be used in
fusion power plants. In the framework of the ITER Broader Approch, a prototype cryomodule is under construction in Japan for the IFMIF/EVEDA phase (Engineering Validation and
Engineering Design Activities) and the construction of the Accelerator Prototype (LIPAc) at Rokkasho, fully representative of the IFMIF low energy (9 MeV) accelerator (125 mA of D+
beam in continuous wave). Meanwhile, the design studies of a plant called DONES (Demo Oriented Neutron Source, derived from IFMIF) started. The superconducting linac is based on
the same principles as the one developed for IFMIF/EVEDA, but taking into account the lessons learnt from the accelerator prototype. This paper presents the similarities but also the
differences between the linacs and cryomodules for IFMIF/EVEDA and IFMIF-DONES.

IFMIF/EVEDA and IFMIF-DONES superconducting linacs

125 mA CW deuteuron beam delivered by n injector.

Acelerated to 5 MeV by the Radio Frequency Quadrupole
(RFQ).

Then accelerated to 9 MeV by the SRF Linac made of one
cryomodule that houses eight superconducting cavities
(β=0.091, called “low-beta cavities”) to accelerate the
beam and eight superconducting solenoids to focus it.

High Energy Beam Transport (HEBT) line transports and
shapes the beam from the SRF linac to damp the 1.125 MW
beam into the dedicated Beam Dump.

Low energy section similar to LIPAc.

Four cryomodules added to accelerate the beam from 9 MeV to 40 MeV.

HEBT line transports and shapes the beam from the SRF linac towards a
lithium target to produce the neutron beam.

Second line to a beam dump used during the commissioning phase of
the accelerator.

Cryo-

module 

Output 

energy 

Solenoids Cavities Type of 

cavities 

CM1 8.3 MeV 8 8 Low-β 

CM2 13.9 MeV 6 11 Low-β 

CM3 21.3 MeV 5 9 High-β 

CM4 30.3 MeV 5 9 High-β 

CM5 40 MeV 5 9 High-β 

 

Parameters of the cryomodules of the

IFMIF- DONES superconducting linac

The cryomodules

Side loading: the cold mass is inserted
in the vacuum vessel in two steps:

 Horizontal sliding of the frame
which is higher than its final position
to allow the transit of the warm part
of the couplers.

Vertical motion of the frame until the
flanges of the couplers are touching
the ones of the vacuum tank.

Warm magnetic shield.

 Cold mass is hang to the top of the vacuum vessel thanks to 
ten vertical tie rods  made of titanium alloy TA6V.

Cavities cooled at 4.45 K, a small fraction of the helium gas boil-off 
is used to cool down the thermal shield.

IFMIF-DONES cryomodules similar to the IFMIF/EVEDA cryomodule.

Main difference: top loaded configuration makes easier the insertion of the 
cold mass inside the vacuum vessel.

Cryogenic system also different from LIPAc:

Cold box will produce supercritical helium (6 K / 5 bars)
in order to prevent the emergence of two-phase flow in-
side the transfer line.

Production of saturated liquid helium at 4.45 K (1.25
bar) for the superconducting cavities and solenoids is
performed inside the valve box thanks to the expansion
of supercritical helium through a Joule-Thomson (JT).

Thermal shield will be cooled down to a temperature
between 60 K and 70 K using pressurized cold helium
gas delivered by the cold box.

Magnetic hygiene: lessons learnt from IFMIF/EVEDA

Some components inside the cryomodule could be magnetized by the fringe field of the solenoids  need to have non-magnetic materials (titanium, aluminum) and low permeability 
stainless steel parts.

Main feedback from the manufacturing of the IFMIF/EVEDA components: despite the use of 316L stainless parts and the implementation of a magnetic hygiene plan, it was difficult to 
get the required magnetic permeability (1.02 maximum) for some critical parts close to the cavities.

Plan for IFMIF-DONES: make the parts close to the cavities and solenoids (piping, C-shaped elements, tuning system) out of 316LN stainless steel or titanium.

The work on IFMIF-DONES has been carried out within the framework of the EUROfusion Consortium and has received funding from the Euratom research and training programme 2014-2018 and 2019-2020 under grant agreement No 633053. The views and 
opinions expressed herein do not necessarily reflect those of the European Commission.
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