
1. Introduction
Tungsten fuzz structure is one of the phenonema which 

attracts attention in the fusion science[1]. In the previous 
work, 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 corrison approximation (BCA) to solve 
scattering phenomena between tungsten atoms and injected 
atoms, i.e., noble gas atoms. The BCA simulation is 
performed by AC T (atomic collision in any structured 
target) code[3-5]. 

In this report, 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 simulaiton, to compare with crystals.

2. Simulation methods and results
The algorithm of the simulation is the same as the 

previous paper [1,5]. The BCA simulation is performed by 
AC T (atomic collision in any structured target) code [3].
As the tungsten target, we adopted the five types, that is, 
BCC crystals with (100), (110) and (111) surfaces, the 
simplified fuzz structure and an amorphous structure.

In BCA simulation, multi-body interactions in a material 
approximate to consecutive two-body interactions between a 
projectile atom and the nearest neighbor atom. The size of 
the target material is set to 47:47 Å long, 47:47 Å wide, and
9998:24 Å deep. The z-axis of the simulation box is set 
parallel to the edge of the target material whose length is 
9998:2 Å. Periodic boundary conditions are used in the x-
and y-directions. The lattice constant of bcc crystal is set to 
3.16 Å. Amorphous structure is formed by distributing
tungsten atoms randomly. The density of amorphous 
structure is set to the same as the density of bcc crystal. The 
temperature of the tungsten materials is set to 0 K. Helium 
(He), neon (Ne), argon (Ar) atoms are injected into these 
tungsten materials. The mean depth of penetration of 
incident atoms for 10,000 injections is calculated for 
constant incident energy from 10 eV to 10 keV. The x- and 
y-coordinates of the starting positions of the incident atoms 
are set randomly. The incident angle is set to parallel to the
z-axis, i.e., perpendicular to (100) surface in the case of bcc 
crystal. To calculate the mean depth, the target material is 
refreshed to the initial perfect crystal before each injection.

In Fig.1, the absorptivity of He, Ne, Ar, for each 
tungsten structure is plotted. From this figure, it is found 
that the absorptivity depends on the target structure, 
quantitatively.

In the case of amorphous structure, the absorptivity becomes 
lower than other crystal structures for all gases. The reason 
of this dependence is as follows: When the gases are 
injected, "channeling" phenomena occur in the tungsten 
crystal. On the other hand, if tungsten target has amorphous 
structure, gas-atom cannot invade into the tungsten target 
because the atom is collided with tungsten atoms more 
frequently than in the tungsten crystals. Thus, the gas is 
absorbed by amorphous tungsten less than by the crystal 
ones. The above intuitive investigation is confirmed with the 
results of BCA simulation.
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Fig. 1 Absorptivity of He, Ne, Ar for tungsten targets, 
i.e., amorphous, BCC crystals with (100), (110), (111) 
surfaces.

The binding energies of mixed helium and hydro-
gen clusters consisted of interstitially trapped atoms
in body-centered-cubic (bcc) tungsten lattice are eval-
uated by first-principles calculations based on density
functional theories1, 2). Calculations are carried out on
the HELIOS supercomputer system at Computational
Simulation Centre of International Fusion Energy Re-
search Centre (IFERC-CSC), Aomori, Japan, under the
Broader Approach collaboration between Euratom and
Japan, implemented by Fusion for Energy and JAEA
and partly on the Plasma Simulator at the National In-
stitute for Fusion Science with the ‘OpenMX’ code pack-
age, which is designed for nano-scale material simula-
tions based on density functional theories (DFT) and
developed by Dr. Ozaki at Japan Advanced Institute of
Science and Technology3).

The ‘OpenMX’ uses numerical pseudo-atomic or-
bitals (PAOs) as basis function to expand one-particle
Kohn-Sham wave functions. The generalized gradi-
ent approximation (GGA) with Perdew-Burke-Ernzerhof
(PBE) functional is used for the exchange-correlation po-
tential. Linear combinations of pseudo-atomic localized
orbitals, norm-conserving pseudo-potentials, and projec-
tor expansions are employed for core Coulomb poten-
tial. Bcc W supercells composed of 128 tungsten atoms
(4 × 4 × 4 unit cells) containing interstitial hydrogen /
helium atom(s) and the Brillouin zones with 4× 4× 4 k-
points for sampling using the Monkhorst-Pack method
are used. The equilibrium lattice parameter for the
present parameter set is 3.186 Å, although this value is
slightly larger than that in the literature, 3.165 Å(at 298
K). All the calculations are carried out at constant vol-
ume with the atomic positions in the supercells fully re-
laxed with use of the Broyden-Fletcher-Goldfarb-Shanno
(BFGS) method. The final state with the lowest total
energy for each sample having the same number of hy-
drogen and helium atoms is regarded as the most stable
state. The configurations obtained by the above men-
tioned method are used for the calculation of binding
energy. It should be noted that in order to search for
most probable configurations efficiently, not only the ini-
tial positions of interstitially trapped atoms, that is he-
lium and / or hydrogen, but also ones of tungsten atoms
are randomized.

In this study, total energies are calculated for a bcc
supercell composed of 128 tungsten atoms (4×4×4×2)
E[W128] and supercells with m-hydrogen and n-helium
atoms interstitially-trapped in tungsten E[W128HmHen].

Figures 1 depicts the binding energies
Ebin[HemHn−1,H] evaluated in this study as a function

of the number of hydrogen atoms interstitially-
trapped in tungsten. Here Ebin[A,B] is given by
E[W128A] + E[W128B]− E[W128AB]− E[W128].

This shows that interstitially trapped helium-
hydrogen cluster can be formed even though intersti-
tially trapped hydrogen atoms prefer not to gather. It
is pointed out that helium atoms are relaxed at tetra-
hedral sites and align on a plane having high symmet-
rical structure. Since this configuration has large low
electron-density regions, it is expected that hydrogen as
well as helium can be interstitially trapped at a tetrahe-
dral site near the cluster and the cluster becomes larger.
As mentioned above, helium-rich interstitially-trapped
cluster can act as a trapping site for hydrogen, which
implies that helium interrupts or disturbs the hydrogen
diffusion in tungsten. This result supports the discussion
in the experimental report4) where it is suggested that
He bubble layer greatly reduces hydrogen penetration
and this is a reason of simultaneous irradiation effects of
He on tungsten blistering with hydrogen irradiation.

Fig. 1: Binding energies for aggregation of hydrogen
atoms interstitially trapped in tungsten with helium:
Hem H(n−1)+H → Hem Hn.
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