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Study on crystal-orientation dependence of irradiation of noble gases to
tungsten by BCA approximation
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To find plasma facing materials (PFM), which must endure a plasma irradiation, is one of the important
issues in order to realize the nuclear fusion reactor. Tungsten material is one of the candidates of PFMs.We
pick up the first process of the fuzz structure formation, that is, the invasion process. We calculate the
absorptivity of noble gases into tungsten. We use a binary collision approximation (BCA) to solve

scattering phenomena between tungsten atoms and injected atoms, i.e.,

noble gas atoms. The BCA

simulation is performed by ACV T (atomic collision in any structured target) code. Using this code, we
calculate the absorptivity as well as the penetration depth and sputtering yield which are basic information
to reveal the nano-structure formation. We found that these physical quantities depend on the crystal

orientation of the target tungsten.

1. Introduction

Tungsten fuzz structure is one of the phenomena
which attract attention in the fusion science (Fig.1)
[1]. In the last year, we showed the absorptivity as
well as the penetration depth and sputtering yield
which are basic information to reveal the fuzz
formation of tungsten [2]. In this calculation, we
used a binary collision approximation (BCA) to
solve scattering phenomena between tungsten
atoms and injected atoms, i.e., noble gas atoms. The
BCA simulation is performed by ACY T (atomic
collision in any structured target) code[3-5].

In this paper, to focus on the target structure, we
consider the crystal structure of tungsten whose
surfaces are (100), (110) and (111). It is
well-known that irradiated atoms can enter the
crystal more deeply than the amorphous structure,
because "channeling phenomena” occurs in the
crystal [4]. Moreover, we treat the simplified fuzz
structure in BCA simulation, to compare with
crystals.

2. Binary-collision-approximation simulation

As the first approach to reveal the structure
formation mechanism, we pick up the invasion
process of helium into Plasma Facing Material

and we developed ACV T (atomic collision in any
structured target) code. In BCA simulation,
multi-body interactions in a material approximate to
consecutive two-body interactions between a
projectile atom and the nearest neighbor atom.
Using this code, we calculate the penetration depth
and sputtering yield which are basic information to
reveal the nano-structure formation.
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Fig. 1 Schematic images of processes of the fuzz
structure formation.



BCA simulation is performed by ACV T code
[2-4]. The scattering angle of the projectile and the
recoil atom at each binary collision is obtained
analytically in a two-body interatomic potential [5].

2. Simulation methods and results

The algorithum of the simulation is the same
as the previous paper [1,5]. As the tungsten
target, we adopted the five types, that is, BCC
crystals with (100), (110) and (111) surfaces, the
simplified fuzz strucutre and an amorphous
structure. In Fig.2, the absorptivity of He, Ne,
Ar for each tungsten strucutre is plotted. From
this figure, it is found that the adsorptivity
depends on the turget structure, quantitatively.
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Fig. 2. Absorptivity of He, Ne, Ar for tungsten targets,
i.e., amorphous, BCC crystals with (100), (110) and
(111) surfaces.
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