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Abstract—Tungsten nano structure, e.g. a bubble or
a fuzz structure, has been studied recently by a lot of
plasma-wall interaction researchers. The purpose of these
researches is to avoid the decrease of the mechanical prop-
erty and the heat conductivity of the original tungsten ma-
terial. To achieve this purpose, we estimate the sputtering
yield, the absorptivity and the mean depth of helium gas
for the tungsten using BCA simulation code AC∀T (atomic
collision in any structured target) We obtain the sputtering
yield, the absorptivity and the mean depth of helium gases
for the tungsten with crystal surfaces. We also 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
attracts attention in the fusion science [1–4]. In our pre-
vious works, we showed the absorptivity as well as the
penetration depth and sputtering yield which are basic in-
formation to reveal the fuzz formation of tungsten [5]. In
these calculation, we used a binary collision approxima-
tion (BCA) to solve scattering phenomena between tung-
sten atoms and injected atoms, i.e., noble gas atoms. The
BCA simulation is performed by AC∀T (atomic collision
in any structured target) code [6–11]. In this paper, to fo-
cus 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 [9]. Moreover, we treat
the simplified fuzz structure in BCA simulation, to com-
pare with crystals.

2. Simulation method

The algorithm of the simulation is the same as our previ-
ous papers [6–9]. Though carbon and hydrogen atoms are
treated in our previous works, helium atom injection onto
tungsten atoms is considered in the present work (see Fig.
1 ). In spite of the above difference, it is appropriate to em-
ploy the Moliere approximation [12] to the Thomas-Fermi

He irradiationz

y

o

Figure 1: Schematic picture of He irradiation to tungsten
targets: an amorphous structure and BCC crystals with
(100), (110) and (111) surfaces. Thexyz coordinate is
adopted and the origin O is set in the surface of the tung-
sten. Periodic boundary conditions are used in the x- and
the y-directions.

potential as the interatomic potentialV(r),
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αie
−βix, (3)

wherer is the distance between the projectile and the target
atoms (see Fig. 2).Z1 andZ2 are the atomic numbers of the
projectile and target atom, respectively, anda is the screen-
ing length. Moreover,α1 = 0.35, α2 = 0.55, α3 = 0.10,
β1 = 0.3, β2 = 1.2, β3 = 6.0 are fitting parameters in
Eq.(3) [10,12].

The trajectories of projectile and target atoms are ob-
tained using the scattering angleΘ in the center-of-mass
system, which is related to the scattering angleθ1 and the
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Figure 2: Schematic picture of two particles interaction
with a conservative central repulsive force fieldV(r) in the
laboratory system [6,10]. The parameterA is the mass ratio
of the projectile and the target,i.e.,m2/m1.

recoil angleθ2 in the laboratory system in Fig. 2 as follows:

tanθ1 =
sinΘ

cosΘ + m1+m2
m2

vg

v

, (4)

tanθ2 = tan

(
π

2
− Θ

2

)
, (5)

wherevg andv are the velocity of the center of mass and
the relative velocity, respectively. Moreover, the scattering
angleΘ is given as follows [6,10].:

Θ = π − 2b
∫ ∞

r0

1
r2g(r)

dr, (6)

whereb is the impact parameter and

g(r) :=

√
1− b2

r2
− V(r)

Er
, (7)

Er :=
m1

m1 +m2
E0. (8)

Herem1 andm2 are the masses of the projectile ant target
atoms, respectively.r0 is the solution ofg(r0) = 0 andE0

is the incident kinetic energy of the projectile.
In BCA simulation, the trajectories of the projectile and

the target atoms are approximated as the asymptotes in
the laboratory system [6, 10]. These trajectories consist of
linked straight-line segments. The starting points∆x1 and
∆x2 of the projectile and recoil atoms after the collision are
given by

∆x1 =
2τ +

(
m2
m1
− 1

)
b tan

(
Θ
2

)
1+ m2
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, (9)

∆x2 = b tan

(
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2

)
− ∆x1, (10)

where

τ :=
√

r2
0 − b2 −

∫ ∞

r0

[
1

g(r)
− r
√

r2 − b2

]
dr. (11)
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Figure 3: Sputtering ratio of He for tungsten targets,i.e.,
amorphous structure and BCC crystals with (100), (110),
(111) surfaces.

3. Simulation model

We adopted the four types, that is, BCC crystals with
(100), (110) and (111) surfaces and an amorphous struc-
ture as the tungsten target, which is 15.825 Å long, 15.825
Å wide and 31650 Å deep, which consists of 5× 105 tung-
sten atoms. Periodic boundary conditions are imposed on
the horizontal direction. The lattice constant of tungsten is
3.165 Å. All tungsten atoms are fixed to the lattice points
of BCC crystal without vibration, which means that the ini-
tial temperature of the tungsten is set to 0 K.Z1 = 2 and
Z2 = 74 are adopted in Eqs. (1) and (2) as atomic numbers
of He and W.

He atom whose the kinetic energy is in the range of 10
eV to 104 eV is injected vertically into the tungsten from its
upper side (see Fig.1). W and He atoms are collided with
each other, and then the final positions of all atoms,i.e.,W
and Ar, are detected in each simulation. We repeated the
above simulationNsim = 2 × 105 times for each injection
energy of He. The initial injection position of an He atom
is changed randomly on each simulation.

4. Results

Using AC∀T, sputtering yieldY, mean depthR and ab-
sorptivityA of He for each tungsten structure are calculated
(see Figs. 3, 4 and 5).

The sputtering yieldY is obtained as follows. InNsim =

2 × 105 simulations for the tungsten target, the number of
tungsten atom released from the tungsten surfaceNW was
counted. The sputtering yieldY is given asY = NW/Nsim.

Next, the mean depthR is given by the following equa-
tion; R =

∑Nsim

i=1 |zf
i |/Nsim, wherezf

i is thez−coordinate of
the final position of the irradiated He in thei−th simula-
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Figure 4: Absorptivity of He for tungsten targets,i.e.,
amorphous structure and BCC crystals with (100), (110),
(111) surfaces.

tion. Thez = 0 plane denotes the surface of the tungsten
target as Fig. 1.

Concerning to the absorptivityA, the number of the He
atoms whosezf

i < 0 is counted first (this number is defined
asNa

He). Using these quantities, the absorptivityA is given
asA = Na

He/Nsim

For amorphous structure, the sputtering yield is largest
in almost all of injection-energy region. However, the ab-
sorptivity and the mean depth is smallest in almost all of
injection-energy region. Thus, it is found that amorphous
structure is most fragile for He injection. Therefore it
is concluded, from our BCA simulation, that amorphous
structure is not adequate to the plasma facing material com-
paring with the other tungsten crystals. However, it is nec-
essary to consider the other physical quantities,i.e., melt-
ing point, thermal conductivity, to choose the plasma facing
material.
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