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International Fusion Materials Irradiation Facility (IFMIF) is a proposal of D-Li intense neutron
source to cover al aspects of the fusion materials development in the framework of IEA collaboration. The
new activity has been started to qualifying the important technica issues called Key Element technology
Phase since 2000. Although the neutron spectrum can be adjusted by changing the incident beam energy, it
is favorable to be carried out many irradiation tasks at the same time under the unique beam condition. For
designing the tailored neutron spectrum, neutron nuclear data for the moderator-reflector materials up to 50
MeV are required. The data for estimating the induced radioactivity is aso required to keep the radiation
level low enough at maintenance time. The candidate materials and the required accuracy of nuclear data

are summarized.

1. Introduction

The development of the fusion reactor materials is one of the most important issues for realizing the
fusion power as an energy source. The neutron irradiation tests of the candidate materias are the ultimate
and unavoidable steps to obtain the enough qualification and licensing. The IFMIF activity has been carried
out for these six years under the framework of IEA internationa collaboration to construct the intense
neutron source for fusion materials irradiation tests. The conceptual design was performed through
1995-1999, which consisted of CDA (Conceptual Design Activity) and CDE (Conceptual Design
Evaluation) phases and was completed by a cost reduced design and a facility deployment in three stages
(50mA/125mA/250mA for beam current) to contribute to the corresponding stages of the fusion power
development [1-3]. After the conceptual design study it is recognized that the several essential technology
needs to be verified in a separated activity prior to the engineering test phase by using a prototype system.
These key technologies, such as high current and stable beam injector operation, steady and safe Li loop
behavior, etc., should be investigated in three-years KEP (Key Element technology verification Phase), so
that the proper decision of the next phase, EVP (Engineering Validation Phase), can be made. The updated
schedule of IFMIF program is shown in Fig. 1 along with the relation to the DEMO (demonstration reactor

for power generation) and ITER (International Thermonuclear Experimental Reactor) schedules.
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Fig. 1 Staged deployment of IFMIF and relation to DEMO/ITER.
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Fig.2 Principle of D-Li neutron source for materials irradiation.

Asshown in Fig.2, IFMIF is based on the
D-Li neutron source using a high-current
deuteron accelerator and a high-speed
lithium jet stream target with a free
surface on the vacuum side to satisfy the
performance requirements (>20dpa for
500cm®, see Table 1 in details). The
limited irradiation volume is effectively
utilized by using a small specimen test
technology. The main reaction channels
producing the neutrons are the stripping
and break up processes having the
continuous energy spectrum with a broad
peak around the half of incident particle
energy in the forward direction, which
can be adjusted to the desired energy
region suitable for simulating the neutron
induced effects in the specific materials.
Such a tuning method is powerful to
simulate the neutron fields of the various
materials at the different locations, like

first wall materids, tritium breeding

materials or ceramics insulator. The idea of simultaneous irradiation with multiple purposes using a

spectrum tailoring method is recently stressed for saving the extra time necessary for the experimental

arrangement between the irradiation campaigns [4]. The method employs a small block of spectrum

converter (moderator/ reflector/ multiplier) to compromise the intensity and spectrum at the test assemblies

in the medium-flux regions. It reduces some part of irradiation volume by sharing the space for the test

species and the spectrum converter blocks, so that it is essential to optimize the size and position of the

converter to maintain both the neutron flux and the irradiation volume. The present report overviews the

possible schemes of spectrum tailoring in IFMIF and the required nuclear data for designing them.

Table 1. Requirements of IFMIF neutron field

Accumulated damage 100~200 dpa (displacement per atom)
Irradiation volume >500 cm3 with 1014n/s cm2
Spatia gradient of neutron flux <10%/cm
Overall machine availability 70 %




2. Possibility of Spectrum Tailoring

A generic scheme of the arrangement of spectrum converters is shown in Fig. 3, where the test area of

the most intense neutron field is amost unchanged and the converter blocks are placed around the area

behind to approximate the desired neutron field. The distance between the neutron source and the test cell

wall is 1.5 m, however al test assemblies are packed together within 0.5 m from the neutron source to

achieve the required flux levels. The typical size of converter block would be 5 x 5 x 1 cm?®, made from H,

D, Be, O, C, Pb, Bi, U, and other container material elements. The block is necessary to be durable for

neutron damage and temperature condition during the irradiation tests. It is also desirable not to produce an

excessive radioactivity and decay heat for easy handling after the irradiation tests. The high-energy

neutrons are produced in the forward cone of haf angle, ~30deg, so that it is effective to place the

moderator and multiplier blocks before the spectrum tailored test region. The scattered off neutrons should

be reflected back to the test region using the surrounding reflector blocks. If the slower neutron component
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Fig. 3. Schematic configuration of spectrum tailoring in IFMIF
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Fig. 4. Comparison of neutron spectra at medium-flux region

with/without a Be block after high-flux region (Ref. [4]).
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is desired, the moderator/reflector can
be placed behind the test region. The
best combination of such converter and
reflector blocks in a limited space is a
principal design issue to make this
method useful.

In Fig.4, an example of tailoring is
presented to indicate the effectiveness
of small piece of spectrum converter.
Two Be blocks of 3cm thick are placed
before and after the medium flux test
region where tritium breeding materials
are tested. The origina spectrum is
mainly modified through the neutron
transmission and forward emission by
the block close to the target, and the
similarity to the fusion reactor spectrum
isimproved. The lowest energy part can
be tailored by using the side reflector
blocks as indicated by the calculation
including the effect of test cell walls.
The drawback of this tailoring method
is the reduction of the volume-flux
product in the test region, ~50%, so that
the best combination of the irradiation



test plans for the flux sensitive and spectrum sensitive properties is important. It is helpful to minimize the

occupied space if the extremely high density materials can be available for the converter blocks.

3. Nuclear Data Needs

There are two categories to consider the nuclear data needs for the spectrum tailoring: (1) data for
neutron transport calculation in the test cell including the test assemblies and converter blocks, and (2) data
for nuclear heating and activation calculation in the converter blocks. The issues specific to the IFMIF are
the neutron induced reaction data up to 50 MeV and the double differential neutron yield from source
reaction. The latter is a basic information for planning every irradiation experiments and the relative
accuracy within 10% is required to satisfy the uniformity of neutron flux in the test assemblies.

(1) Neutron Transport Calculation

The Neutron DDX (especially at low energy and larger scattering angles) data are primarily requested to
perform the design of spectrum tailoring. The neutron production reaction processes, e.g. (n,2n), (n,3n) and
(n,Xn) where X is a charged particle, are important in the considered energy range.
(2) Nuclear Heating Calculation

The photon production and the charged particle production processes are important.
(3) Activation Calculation

The long-lived radioactive residua production process isimportant. It is necessary to pay much attention
to the sequential multi-step reaction process because of the production of the various charged particles and
neutrons in the materials.

The above data are generaly required also to investigate the other neutronics problems in IFMIF,
however the itemsin (1) are relatively specific to this issue and the present status is overviewed in table 2.
Due to the lack of enough experimental data for each nuclear process, a systematical understanding of the
partial DDX information becomes important. The integrity of the nuclear process like energy and particle
balanceis hard to maintain if only the inclusive DDX data are available. The theoretical cal culation support
for the systematic analyses is inevitable to reduce the modeling parameters. The continued systematical
measurements by using 14 MeV (and other neutron source) facilities are highly appreciated to confirm the

theoretical approach.

Table 2. Present status of some neutron production reaction channels up to 50 MeV.

Reaction Type Status
(n,2n) Generally good situation except for Be, candidate of multiplier material.
(n,3n) Generally worse. Heavily relied on model calculations.
Experimental consistency check is recommended.
(n,pn) Situation is better. Systematic measurement to separate (n,d) processis lacked.
(n,an) Comparatively worse. No systematic study is found.

The “systematics’ at the referenced energy (e.g. 14 MeV) may be valuable for practical use, however



they contain less physical meaning and it is preferred to apply the following channel excitation approach.

* Analysis of reaction channel branching as a function of excitation energy is fruitful generally.

* Trend of channel branch excitation is dominantly ruled by particle transmission in exit channel and level
density form. The compoud nuclear process dominancy is assumed..

» Absolute cross sections of these partial channels are normalized to global trend of non-elastic cross
section, which is essentially the size of effective interaction area seen by entering neutron. The optical
model calculation is precise, however perspective view is lost easily in the complex process. The smpler
approach like Diffraction model (Ramsauer model) is one of the solution.

» Charged particle production near threshold is strongly affected by Coulomb field and “preformed” particle
density in the compound nucleus. The latter is generally treated using asymmetry factor, (N-Z)/A.

* Relative DDX data are composed of the phase space factor and the nuclear state factor expressing the
contribution of direct and pre-equilibrium process.

The accuracy of cross sections is required to be within 10% for integrated data and 20-40% for the DDX
data.

4. Conclusion

The IFMIF project is stepped forward to Key Element Technology Phase in 2000 and a development
and design refinement will be carried out for three years. One of the important issues of |FMIF neutronics
is achievement of both the high flux/large irradiation volume and the spectrum matching for many purposes.
This requires spectrum tailoring and the neutron production DDX up to 50 MeV are required to design the
spectrum in a specified region. It is recommended to keep the efforts to measure the experimental data and
acquire the precise nuclear response in a systematical way, to achieve the designed neutron field.
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