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Abstract

The results of the activities on the Engineering Validation and Engineering Design Activities for the International Fusion Materials Irradiation Facility (IFMIF/EVEDA) project under the framework of the Broader Approach
agreement are overviewed. For the validation of the accelerator design to provide 40 MeV and 125 mA continuous wave deuteron beam on the liquid lithium target, the demonstration of the low energy section up to 9 MeV, called
as Linear IFMIF Prototype Accelerator (LIPAc), is under the stepwise commissioning in Rokkasho. The first step to demonstrate the 100 keV deuteron and 50 keV proton beams from the LIPAc injector was completed by satisfying the
target value of beam emittance, 0.251t mm mrad or less, at the beam current of 140 mA and 70 mA for deuteron and proton, respectively. The second goal for verifying the design of 175 MHz Radio-Frequency Quadrupole (RFQ)
linear accelerator with the RF power system to accelerate deuteron to 5 MeV and the associated beam transport line to the beam from RFQ into the superconducting RF linear accelerator, has been started and a 2.5 MeV and 35 mA
proton beam was obtained with the beam transmission, 90% or more. As for the validation of lithium target system, Lifus 6 plant was built in Brasimone to validate the design goal of erosion-corrosion rate for target material caused
by 15 m/s lithium flow, and has been operated for one year with the continuous impurity monitoring and control, nitrogen < 30 wppm. The requirement of 1 mm/y or less was confirmed with a long-term test up to 4,000 h.

Introduction

The IFMIF/EVEDA project is conducted under the framework of the Broader Approach agreement between Japan and EURATOM since June 2007. The mission of the IFMIF/EVEDA project is to
provide the detailed engineering design of the IFMIF plant and to validate the technological challenges on an accelerator-based neutron source to generate a DT fusion reactor relevant neutron flux
higher than 1018 m2:s-! and energy spectrum for fusion material development and testing. This report covers the following topics.

1) The demonstration of the low energy section up to 9 MeV of linear accelerator (Linac) of IFMIF to generate 40 MeV deuteron beam with current of 125 mA in Continuous Wave (CW) is the most
challenging activity in the project, named as Linear IFMIF Prototype Accelerator (LIPAc), of which commissioning is ongoing in Rokkasho, Japan.

« Experimental tests of the accelerator components for 5 MeV deuteron have been started in June 2018 using pulsed 50 keV proton beam with total current up to 40 mA.
» lon beam injector tests were completed in December 2017 for pulsed 100 keV deuteron beam with current up to 140 mA.

2) The IFMIF employed the flowing liquid lithium (15 m/s) as a neutron generating target bombarded by deuteron beam with a footprint of 200 by 50 mm?. The erosion-corrosion of the target
structure made of Reduced Activation Ferritic/Martensitic (RAFM) steel is a concern which may affect the stability of lithium flow and limit the service lifetime of the target assembly. A lithium loop,
called as Lifus 6, for studying the erosion-corrosion phenomena was built in 2015 at ENEA Brasimone, ltaly.

» Experimental tests with exposure time up to 4000 h at 603 K were conducted with the nitrogen impurity < 30 wppm until November 2016, and its activity was ended in 2017.

™) IFMIF Engineering Design to be Validated &= @as1
3 main activities of IFMIF{EVEDA project were carried out during 2017-2018.

Qualnfled Materials Completion of Li
Corrosion Tests

Curnpletlnn of Start of RFQ Beam
inj Beam
Commissioning

Irradiation Tests using
Fusion-relevant Neutron
Source (IFMIF)

Candidate Materials

tAccelerator : 15 m/sﬂow

free surface,
impuri i
control

n/s, wrod controf
remore handling, SSTT

deuteron,
10 Mmw CW

s

g

Fi:
Source

ission Reactor

Ess Ul
Proton Spafl'ah‘nn1
Source |

0.001 0.01 0.1 1 10
Neutron Energy (MeV)

1 100

Neutron Flu [10°° n em? 57 MeV-t)
2

First Beam Injection into RFQ: Ref. FEC2018 FI P/P1-13
RF power form 8 independent RF power sources are successfully injected at the same time into a
single RFQ cavity (length of 9.8 m and resonant frequency of 175 MHz).

This is a world first trial. Synchronization with White Rabbit technology is a new application.

First proton beam (50 keV, 0.3 ms pulu',l was injected into the RFQ on 13 June 2018,
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Beam energy was measured by using TOF among 3 Beam Position Monitors and agreed with design

value, 2.5 MeV.
High Quality Deuteron Beam for RFQ Injection:  Ref, FEC2018 FIP/P3-19

Deuteron beam with 100 keV/140 mA required for RFQ injection is ready for beam commissioning with a
sufficient margin of the quality, i.e. beam emittance.
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LIPAc:

+ RFQ beam commissioning is started with 50 keV proton, and the initial measurements of RFQ transmission (96% at maximum) and

beam energy (2.5+0.2 MeV) gave a good sign of RFQ design validity.

* Injector commissioning with 100 keV/140 mA deuteron beam was completed successfully with twice better than acceptable emittance.
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Mandate of LIPAc is to validate 9 MeV deuteron beam with 125 mA.
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Lithium Erosion-Corrosion Effects

Stability of surface of Li flow is a major issue to cause the flow breakup in the extreme case.
In long term operation, erosion-corrosion effects on the target structural material (RAFM steel)
is @ main concern to cause the similar instability.

Preliminary test in 2007 (Lifus3): ENEA Brasimone cgid Trap '“7; Kto ‘:""0"‘9 C.0
corrosion rate ~3.2 um/y for Main Electro- " and metallic impurities
Eurofer 97 Pump {< 10 wppm each)
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Nitrogen concentration ~ 300 v
wppm is a main reason.

IFMIF Design
Requirement: corrosion
rate <1 pm/y (could be
achieved by the purified
Li with low nitrogen <30
wppm).

Corrosion Rate Measurements
Comparison of erosion-corrosion rates for F82H and Euroferg7  5°@ ref. FED in press by P. Favuzza et al.
caused by flowing lithium
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