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Energy Selective Neutron Irradiation Test facility (ESNIT) was conceived at Japan Atomic Energy 

Research Institute (JAERI) as a domestic high energy neutron irradiation means for R&D of materials in nuclear 

applications, especially for nuclear fusion applications. ESNIT is a d-Li stripping type neutron irradiation 

facility with additional functions of neutron energy selectivity and post irradiation examination. A series of 

technical evaluation of ESNIT concept has been carried out since 1989, and a d-Li stripping type neutron source 

with neutron energy selectivity was evaluated to be technically feasible and suitable for fusion materials testing. 

An international assessment on several neutron source concepts as candidates of the International Fusion 

Materials Irradiation Facility (IFMIF) was done during 1989 to 1992. The d-Li stripping type neutron source 

concept with neutron energy selectivity was chosen as an appropriate IFMIF concept. Recently, IEA Fusion 

Power Coordination Committee (FPCC) recommended to initiate preparation for Conceptual Design Activity 

(CDA) of IFMIF, and the CDA plan is being discussed in the preparatory activity for the CDA. The CDA is 

expected to be initiated after approval of the CDA plan at FPCC meeting at the beginning of 1995. 

1. Introduction 

The D-T fusion reactor environment for materials is featured by severe irradiation of high energy 

neutrons with energies up to 14 MeV. Energetic neutrons displace primary knock-on atoms (PKA), which form 

cascade damage, and produce nuclear transmutation products. The PKA energy and cross sections of producing 

the nuclear transmutation products strongly depend on neutron energy. Microstructure and properties changes of 

neutron-irradiated materials are taken place as synergistic effects of displacement damage and introduction of 

nuclear transmutation products. Fusion neutrons produce PKA with high energies introducing much 

displacement damage and a large amount of nuclear transmutation products such as helium and hydrogens, 

comparing with those in fission reactors. Consequently, materials properties degradation in fusion reactor 

environments are quite different from that in fission reactors. 

Development of materials tolerable to severe high energy neutron irradiation is necessary to realize fusion 

reactors beyond ITER. It is a consensus that a high energy intense neutron irradiation facility which can provide 

neutron irradiation fields suitable for fusion materials testing is indispensable for such materials development. 

From this standpoint, technical development of a d-Li stripping type accelerator based neutron source was carried 

out in the United States from 1978 to 1985 in the Fusion Materials Irradiation Test Facility (FMIT) project 

[1,2]. However, the project was canceled just before the construction. 

Energy Selective Neutron Irradiation Test facility (ESNIT) was conceived at Japan Atomic Energy Research 

Institute (JAERI) as an advance irradiation tool for materials in nuclear applications, especially for fusion 

application [2-10]. ESNIT is a small version of the FMIT with additional functions of neutron energy 
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selectivity and post irradiation examination. A series of technical evaluation of ESNIT concept has been done 

since 1989. At international advisory meeting on ESNIT at the beginning of 1993, ESNIT, i.e., a d-Li 

stripping type neutron source with neutron energy selectivity, was evaluated to be technically feasible in very 

near future and very suitable for generic nuclear materials studies, especially for fusion materials R&D [10]. 

On the other hand, the IEA fusion materials community carried out an international assessment on several 

neutron source concepts as candidates of the International Fusion Materials Irradiation Facility (IFMIF) during 

1989 to 1992 in terms of technical feasibility and suitability for fusion materials testing [11-16]. A d-Li 

stripping type neutron source with neutron energy selectivity was chosen as an appropriate IFMIF concept, 

which was eventually a close reflection of the outcomes of the FMIT and ESNIT program. Recently, IEA 

Fusion Power Coordination Committee (FPCC) recommended to initiate preparation for Conceptional Design 

Activity (CDA) of IFMIF to make detailed IFMIF-CDA plan. The CDA is expected to be initiated as an 

international collaborative activity after approval of the detailed CDA plan at FPCC meeting at the beginning of 

1995. 

In this paper, status of ESNIT and IFMIF programs as a domestic and an international high energy 

neutron irradiation facilities is described, respectively. 

2. Status of ESNIT program 

2.1. Concept of ESNIT 

ESNIT consists of a deuteron linear accelerator system, a liquid Li target system and an experimental 

system. Characteristics of the ESNIT are summarized as follows [3-10]. 

(1) Neutron spectra: The d-Li neutron spectra have a peaking character and the peak energy can be selected at 

least three steps (e.g., 5, 10, 14 MeV) by changing the deuteron energy in the range 10 to 40 MeV. 

(2) Neutron flux and test volume: With the maximum current of 50 mA, a neutron flux higher than 1.5X1014 

n/cm2s (10 dpa/y for stainless steels) can be attained for the volume of about 5X5X5 cm3 for beam diameter of 

40 mm and flat current distribution. Such test volume was estimated to be adequate for performing various 

types of in-situ tests and irradiation tests of a significant number of small test specimens. An annual neutron 

fluence corresponding to 30 dpa/y for stainless steels can be attained by limiting test volume to about 10 cm3. 

(3) Controllability of neutron flux/energy: The neutron flux and the peak energy of the spectra can be 

independently changed. 

(4) Time structure of neutron beam: To avoid the influence of pulse irradiation, beam pose period should be 

shorter than 10-6 s from consideration of lifetimes of point defects. The accelerator is expected to be operated 

with 120 MHz in CW(continuous wave) mode, so that materials irradiation tests can be carried out without the 

pulse irradiation effects. 

(5) Test cells: At least two irradiation test cells are provided for high availability of the neutron generation 

system. Better accessibility to the test cells relative to the conventional research reactors enables various in-situ 

experiments and precise irradiation condition control. 

(6) Post-irradiation examination facility: Post-irradiation examination hot cells especially for the small 

specimens tests are coupled close to the test cells. 
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2.2. Status of technology for ESNIT 

2.2.1. Accelerator technology 

Basic layout of the accelerator system consists of the following components: (1) ion sources and an ion 

extraction system for d+ ions of 60 mA at the energy of 75 KeV, (2)low energy beam transport (LEBT), 

(3)Radio Frequency Quadrapole linac (RFQ) with the exit energy of 2 MeV which is driven in CW (continuous 

wave) mode at 120 MHz, (4) Drift Tube Linac (DTL) driven in CW mode at 120 MHz, which consists of 

separated multiple tanks to accelerate the d+ ions at 10, 15, 20, 25, 30, 35, 40 MeV, (5)high energy beam 

transport (HEBT), (6) target interface section consisting of multipole magnet system to change the beam size 

and current density distribution on the lithium target, (7) RF source, etc. [6,7,10]. 

At the international advisory meeting on ESNIT, it was evaluated that the present status of the accelerator 

technology for ESNIT had few critical issues in physics sense and that the construction of ESNIT was able to 

proceed with confidence, with proper concern for engineering and prototype models. Careful engineering R&D, 

fabrication of prototype models and R&D using them should result in a reliable factory-grade neutron irradiation 

facility for materials testing. According to the above-mentioned recommendation, the further technical 

evaluation for accelerator system of ESNIT is in progress. 

2.2.2. Target technology 

The target system consists of flowing Li targets and a Li circulation system including cooling and 

purification systems [6,8,10]. The concept of the target system is the similar to that of FMIT [1,2]. The Li 

target is directly connected to the accelerator system without a vacuum boundary to inject d+ ions with the 

desired energies to the flowing Li target. Boiling of Li due to beam heating is suppressed by centrifugal force 

which is generated by flowing liquid Li along the target backwall with a appropriate curvature. Many kinds of 

R&D for the target technology were successfully carried out in the FMIT project [1,2]. In the technical 

evaluation for the Li target of ESNIT, the effort has been mainly focused on thermo-hydraulic behavior of Li 

flowing target to define the boiling conditions. From such evaluation, it was found that the region of the most 

severe condition for the boiling was the free surface of flowing Li in the case of the lower deuteron energy [8]. 

At the international advisory meeting on ESNIT, it was pointed out that improvement of thermal-hydraulic 

evaluation, prototype model tests for flowing behavior, evaluation of back streaming of Li vapor, beam-on 

target tests, etc. were necessary [10]. At this moment, evaluation of thermal-hydraulic evaluation using an 

advanced calculation code and preparation of experimental evaluation of Li vaporization behavior are being 

carried out. 

2.2.3. Experimental system technology 

Uncollided and collided neutron spectra (for Fe and AI2O3) and flux distribution in the irradiation field of 

ESNIT were calculated for various deuteron energies, various beam size and various beam profile using a proper 

source model [6,10]. Although the neutron spectra extend to 40 MeV, nuclear data only for neutron energies up 

to 20 MeV are available. So, the nuclear data in the tange 20 to 50 MeV have been evaluated for common 
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elements of materials in fusion reactors and ESNIT itself [6,10]. Calculation of damage parameters is important 

to make test matrices and research plans. Computer codes to calculate damage parameters, especially for amount 

of nuclear transmutation products are being developed [6,10]. Materials researches to be performed using ESNIT 

were defined for fusion materials R&D and fundamental materials irradiation researches. In addition, it was 

evaluated that the neutron energy selectivity was very useful for irradiation tests of various fusion materials, 

since energy levels of neutron spectra could be decreased to the level at which effects of the high energy tail was 

negligibly small, in the case that the effects of the high energy tail were large. At the international advisory 

meeting on ESNIT, most of activities on experimental system technology were evaluated to be appropriate with 

some recommendations such as further evaluation of nuclear data for low activation materials and development 

of PKA calculation code for neutron energy range up to 50 MeV, etc. 

3. Status of IFMIF program 

3.1. Criteria of suitability for IFMIF 

International evaluation on the suitability and technical feasibility of several candidates of IFMIF 

concepts was initiated in 1989 as one of activities in IEA Implementing Agreement for Fusion Materials R&D. 

Criteria of suitability for IFMIF from the standpoints of fusion materials testing in international use are as 

follows [11,14]. 

(1) The neutron spectrum should be as close as possible to that at the first wall of fusion reactors. The energy 

distribution for other components in the fusion reactor should be obtained by spectral tailoring. (2) The source 

should allow experiments in a neutron flux corresponding to a neutron wall load of 2MW/m2 (6X10"7 dpa/s) 

anticipated for a DEMO fusion reactor. DEMO relevant lifetime fluence (i.e., 100 dpa) must be attained for a 

period of several years. (3) A volume of 1 liter is required at an uncollided neutron flux corresponding to 

2MW/m2 or greater. (0.4 liter for a collided neutron flux corresponding to 2MW/m2 or greater) (4) Collided 

neutron flux gradient must be lower than 10%/cm for limitation of miniaturization of various tests and 

homogeneity of radiation damage within the test section. (5) Accessibility to the irradiation field should be 

good. (6) In respect of time structure of neutron beam, a quasi-continuous operation is mandatory. The 

repetition time of pulses should be shorter than annealing time of point defects. 

3.2. Selection of IFMIF candidate concepts 

Several candidate concepts for IFMIF were proposed, i.e., (1) accelerator based neutron sources; d-Li 

neutron source, spallation neutron source and T-H neutron source, (2) plasma based neutron source; beam 

plasma (Mirror type) neutron source, Reverse Field Pinch (RFP) fusion neutron source, High Density Z-Pinch 

(HDZP) neutron source. In the candidate concepts, RFP and HDZP were evaluated to be out of scope of IFMIF 

from the standpoint of technical feasibility and the criteria of suitability for IFMIF. The d-Li, the spallation, 

the T-H and the beam plasma neutron sources were further evaluated through activity of IFMIF technical 

working group in the framework of IEA Implementing Agreement for Fusion Materials R&D from 1990 to 

1992. Evaluation results by the working group are mentioned below. 

(1) d-Li neutron source: 
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The d-Li neutron source is considered to meet the suitability criteria for IFMIF. The neutron spectra, 

however, have the region of which energies exceed 14 MeV, i.e., so-called "high energy tail" extending to 30 to 

40 MeV. Influences of the high energy tail on the materials testing must be checked. The PKA spectra and 

amount of transmutation products were calculated for various elements [13,16]. It was found in such calculation 

that the high energy tail for the deuteron energy in the range 35 to 40 MeV had almost no influence on materials 

testing for elements of metallic materials from the standpoint of simulation of neutronic environment of fusion 

reactors while some influences for low Z elements such as carbon. The influences for low Z elements can be 

avoided by decreasing the deuteron energy to 30 MeV [16]. The technical feasibility of d-Li neutron source was 

evaluated to be the highest among the IFMIF candidate concepts, since many R&D issues have been already 

solved in the FMIT project [9,11,14]. 

(2) Spallation neutron source: 

The neutron spectra of the spallation neutron source are very broad and the high energy tail extends to 

100 MeV. However, the effective energy range of neutron spectra in which neutron flux is large enough to carry 

out materials testing is almost the same as that of fission reactors. It was, therefore, evaluated that the neutron 

spectra of the spallation neutron source were too soft (i.e., too low in neutron energy) to carry out fusion 

materials testing. The spallation neutron source requires a high energy (600 to lOOOMeV) proton accelerator in 

CW mode operation and liquid Pb or Pb-Bi targets. The technical feasibility was evaluated to be lower than that 

of d-Li neutron source, but higher than that of beam plasma neutron source [11,12]. 

(3) T-H neutron source: 

The T-H neutron source consists of 21 MeV tritium accelerator system and a flowing water target 

system [14,16]. The neutrons with cut-off energy of about 14 MeV are generated by H(T,n)3He reactions. 

Although the neutron spectra have no high energy tail, the spectra are somewhat too soft for fusion simulation 

[16]. Furthermore, it is very difficult to obtain sufficient test volume in this type of neutron source [16]. The 

technical feasibility was evaluated to be low, because of difficulty of an intense tritium accelerator system and 

water jet target technology [16]. 

(4) Beam plasma neutron source 

The neutron spectra of the beam plasma neutron source are very similar to those at the first wall of 

fusion reactors, since the neutron source generates 14MeV neutrons [13]. Concerning the technical feasibility, 

the beam plasma neutron source was evaluated to need many R&D, in comparison with the d-Li and the 

spallation neutron sources [12]. 

Based on the above-mentioned evaluation of IFMIF candidate concepts, the d-Li neutron source concept 

with neutron energy selectivity by changing deuteron energy in the range 30 to 40 MeV was chosen as an agreed 

IFMIF concept from the standpoint of suitability for fusion materials testing and technical feasibility by the 

executive committee of IEA Implementing Agreement for Fusion Materials R&D in 1992. 

3.3. Status of IFMIF activity 

By the executive committee mentioned above, it was recommended that the IFMIF (i.e., d-Li neutron 

source) should be constructed and operated by 2000 to proceed development of DEMO fusion reactors and that 
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the design activity for the IFMIF should be initiated as early as possible. Such recommendation was reported at 

IEA Fusion Power Coordination Committee (FPCC). The FPCC at the beginning of 1994 recommended to 

initiate preparation of the Conceptual Design Activity (CDA) of IFMIF. According to the recommendation, the 

preparatory activity for IFMIF-CDA was carried out in 1994. Two planning meeting on IFMIF-CDA in 

administrative and technical aspects were held in Tokai (June, 1994) and in Karlsruhe (September, 1994). The 

objectives of the CDA, organization for implementing the CDA, technical issues, basic design concept, 

milestone, time schedule and requirements for irradiation field of IFMIF from standpoint of user, etc. were 

discussed in the abovementioned meetings. On the basis of the discussion, proposal of IFMIF-CDA is being 

prepared. After approval of the CDA plan by FPCC at the beginning of February, 1995, IFMIF-CDA is 

expected to be initiated and carried out for two years to make an agreed conceptual design for an optimized d-Li 

neutron source as IFMIF. 
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