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Abstract. In order to improve the dislocation bias (DB) model of swelling under irradiation, a large scale of 
atomistic simulation of the interaction in face centered cubic (FCC) Cu model lattice between an edge 
dislocation (ED) and point defects such as a vacancy, a self-interstital atom (SIA) have been performed for 
various configurations. It is found dislocation core splits into partial cores after energy relaxation. Interactions 
with any SIA conficurations is one order of magnitute larger than with a vacancy. The reason that SIA creats a 
larger dilatation volumn than the vacancy is directly observed from calculation. Furthurmore, within the 
interaction range, an octahedron position rather than dumbbell in <100> direction is observed in the stable state 
after relaxation in interactions between a edge dislocation and a dumbbell SIA. Comparision of interaction 
energy in analytical and atomistic calculation shows that analytical one has a stronger interaction in vacancy-ED 
systems, suggesting that the bias factor (BF) from analytical calculation is larger than from atomistic calculation. 

Introduction 

 Radiation damages of material such as void swelling, radiation embrittlement etc are 
problematic in nuclear power plants. Those problems challenge the material selection especially in fast 
reactors due to the fast neutron specturm usage. However the damage processes in material are not yet 
fully understood due to its complicated microstructure evolution after irradiation. In order to 
investigate damage evolution the atomistic behavior of the interaction between defects and defect 
clusters must be clarified since it is closely related to the so called bias factor. 

 Bias factor in general is defined as the imbalanced production between vacancy and interstital 
fluxes. Depends on the initial reasons of the imbalance, there are different bias models have been 
studied, such as dislocation bias model [1][2], production bias model [3][4].  

Dislocation bias model is a simplified bias model. In this model, swelling is regarded as the 
absorption bias of dislocation on SIAs than vacancies. The quantitatively description of the preference 
is called bias factor, which describe the excess flux of points defects (PDs) to the dislocation core. It 
has done a good job in explaining swelling from electron irradiation which include only Frenkel pairs 
[5]. 

However, atomistic features of the bias factor have not yet been clearly understood. The 
parameter is either experimentally fitted to use in the model or analytically overstimated [6][7][8]. It is 
hence neccesary to investigate more about the interaction and the damage processes. 

 In this work, large scale of atomistic calculations have been applied to calculate the interaction 
energy maps of infinite edge dislocation (ED) and PDs in model FCC Cu lattice. Attemps are made to 
clarify the atomistic features of the interactions. A detailed study is made on the interaction between 
ED and PDs under various configurations, such as vacancy, SIA in [100], [010] and [001] direction. 
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 The interaction between a ED and a PD can be described by elasticity theory if we assume an 
infinite, straight edge dislocation. The interaction originates from the overlap of stress-fields of two 
defects. In the simplest case, the crystal is treated as isotropic elastic medium, and PDs are considered 
as spherical elastic inclusions. Considering only the first-order size interaction, which arises 
essentially from the interaction between the long-range stress field of the dislocation and the stress 
field induced by atomic displacements around the PD, the analytical expression for the interaction 
energy is [9]:  

Equation 1 

E = !A sin!
r

A = µb
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in polar coordinates (r, θ). µ is the shear modulus, υ is the Poison's ratio, b is the Burgers vector, and, ν 
is the dilatation volume of the PD. The only difference for vacancies and SIAs in this approach is the 
dilatation volume. SIAs have larger dilatation volume than vacancies, which leads to biased 
interactions measured by Bias factor. 

     With this analytical interaction, The steady-state diffusion equation for a straight non-split edge 
dislocation is solved [10]. The solution is given as the analytical expression of sink strength. In order 
to improve the solution, more studies have been done, such as the application of perturbation method 
by taking consideration of size interaction, the inhomogeneity interaction and the effects of externally 
applied loads [11]. However, neither of their approaches are sufficient applicable due to the fact that 
no split core is used in the model. Furthermore, the assumptions used in the model limit the solution to 
the region outside of the core, where the core is defened as the area with high gradient interaction 
energy. A series experiments that carried out on Austenitic steel generate data on swelling [12][13]. 
With those data, the model has been fitted, hence so called "experimental value" of bias factor are 
obtained [12]. However, the values fitted from experiments are orders of magnitude lower than 
analytical results. 

Methods 

    In order to set up a lattice containing an infinitive ED, two half crystals strained to have different 
lattice parameters in the direction of Burgers vector b and joined along the dislocation slip plane. The 
misfit between the half crystals which contains different lattice parameter leads to an interface with 
zero dislocation content. In the meanwhile, the net dislocation content is an ED with Burgers vector b. 
More details could be found from [14]. In our case we have a positive dislocation. The periodic 
boundary condition applied in the direction of Burgers vector b and dislocation line models the 
infinitive ED with a density of 2.61×1015 m-2. Considering both the boundary effects and the cost of 
computational resource, we set up a simulation box with the size of 99 b×10.4 b×58.8 b. Full 
relaxation has been applied in the ideal dislocation structure. 
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FIG. 1.Schematic 
model lattices, 
where an ED is 

introduced in the 
central region.  

 
 

    Both type of PDs are introduced in the fully relaxed dislocation system respectively. Single vacancy 
is introduced by taking away one atom site. Dumbbell type SIAs are introduced with three different 
orientations: [100], [010] and [001], with each 0.2 a0 from original lattice site respectively. Schematic 
visualization is shown in Fig.1. 

    Classical molecular static calculation implemented in DYMOKA code [15] with empirical 
interatomic potentials [16] are used in our calculations.  

 

Results and Discussion 

    After relaxation, the partial core centres are detected by the maximum total energy in each atomic 
position, hence a dislocation-core-splitting distance of 10 a0 has been observed. It is consistant with the 
Stacking Fault Energy (SFE) of 44 mN/m [16]. 

    The interaction energies on gliding plane of four different PDs (vacancy, SIA in 010 direction, SIA 
in 100 direction and SIA in 001 direction) with dislocation obtained from atomistic calculation are 
shown in Fig.2. As can be seen, the location of attraction energy field of vacancy is opposite to that of 
SIAs. This is because the compressive field attracts vacancy while tensile field attracts SIAs. Since the 
dislocation line is along [111] direction, SIA in [100] and [010] are actually equivalent. Hence, the 
energy profiles are more similar compared with the one in [001]. 
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FIG. 2. Atomistic calculation of interaction energy map with ED and vacancy, SIA [010], SIA [100] 
and SIA [001]. Here x-axis is along Burgers vector b, y-axis is the norm of gliding plane.  

 

 

FIG. 3. Analytical interaction energy from elasticity theory. An infinite ED interacts with vacancy and 
SIA respectively.   
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Table 1 Strongest interaction energy of dislocation with PDs 

 Vacancy SIA 

  [010] [100] [001] 

Maximum interaction 
energy (eV) 0.04 0.28 0.3 0.27 

Minimum interaction 
energy (eV) -0.07 -1.04 -0.87 -0.9 

  

    From Fig.2 we can see that the strongest interaction appears in partial dislocation core center. The 
strongest attractions and repulsion are listed on Table.1. The strongest interaction energy in SIAs are 
of one order of magnitude larger than in vacancy in the near core region, which is consistent with the 
dislocation bias model that dislocation attracts SIAs more than vacancies. 

    In order to have a detailed picture about how the interaction gives impacts on atomistic 
arrangement, a location far enough from the dislocation cores is chosen. We select the first nearest 
neighbours of SIA [100] and relax the whole system. The snapshot of SIA [100] interacts with ED is 
shown in Fig.4, giving the atomic arrangement before and after the interaction. After energy 
minimization in the system, the first nearest neighbours rearrange themselves from square shape to 
circular shape, trying to occupy more space for SIAs. The atomistic distances between SIA atom and 
its neighbours becomes larger, hence the total volume for the system is enlarged. The enlarged volume 
is known as dilatation volume. The same analysis applies to the vacancy case, as shown in Fig.5. The 
first nearest neighbours keep their shape and even shrink towards the vacancy. This is consistent with 
the analytical explanation on preferential absorption. 

    

FIG. 4. Snapshots of before and after SIA[100] interacting with ED. Yellow sphere denote SIA atom, 
orange spheres are its first nearest neighbours. 
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FIG. 5. . Snapshots of before and after a vacancy interacting with ED. Empty centre is a vacancy and 
orange spheres are its first nearest neighbours.  

    It is also worth noticing that the dumbbell SIAs in <100> directions under the strain field of 
dislocation stabilized into a near-octahedron position. This change is shown in Fig.6. The ED is 
located on the left side of the atoms we shown here. The attractions it exerts on the dumbbell SIAs are 
different due to the distance. By comparing the snapshots before and after the interaction, the SIA 
atom closer to dislocation (the left yellow sphere in the snapshots) experiences a stronger attraction 
than the other one. Hence, after interaction the energy favourable configuration is no longer perfect 
dumbbell. This structure change also gives the explanation of the fact that SIA-ED interaction energy 
landscapes is converged to the energy level of 0.09 eV in the far-away region outside dislocation core 
instead of 0, since our interaction energy is defined by the differences of formation energy with and 
without dislocation. 

    

 

FIG. 6. Dumbbell SIAs [100] have different interaction with ED depending on the distance from it. 
The initial position shows a perfect dumbbell (Left), but the final snapshot shows a near-octahedron 

configuration (Right). The yellow spheres are SIAs and orange spheres are the first nearest 
neighbours.    
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 In order to compare our results with analytical ones, we generate partial dislocation cores on 
analytical solution. Since the analytical solution was aimed at single core dislocation, the partial 
dislocation has been generated by superposing the same function on two different locations. The 
locations of partial cores and the distance between them are set to be the same as in our calculation 
model. With Eq.1 we use νVac=0.6 ω and νSIA=1.2 ω as the dilatation volumes of the PDs, where ω is 
the atomic volume. Fig.3 shows the analytical results. The vacancy has a smaller interaction range 
than SIA, which has also been shown in our atomistic calculations. However, comparing Fig.2 and 
Fig.3, the absolute interaction range around the core is larger in analytical case than in atomistic 
results. On the contrast, vacancy-ED interaction from elasticity theory is much larger than from 
atomistic calculation, this could possibly explain that analytical interactions overestimate the 
dislocation bias factor. The analytical results reach theoretical limit when the dislocation core radius r 
≈ b.  And also the interaction energy profiles around the core in our calculations show certain angels 
while it's perpendicular to x-axes in analytical results. Those differences can be explained by the fact 
that the assumptions that analytical results are based, such as interactions are isotropic; the PDs are 
seen as a spherical inclusion; could lead to invalid interactions especially around the core region. And 
also the construction of split cores is simple superposition of two single core dislocation, it might also 
have some impacts on the total interaction energy landscapes. 

 

Conclusions 

 In order to investigate the radiation damage processes and clarify the atomistic features of bias 
factor used in dislocation bias model, atomistic calculations of interaction energy of dislocation with 
PDs have been done and a detailed analysis has been applied in model lattice FCC Cu. The calculation 
results show that SIAs have an interaction energy in the dislocation core region of one order of 
magnitute larger than a vacancy. It is also approved from the analytical approach that SIAs have a 
larger interaction range than vacancy. The reason is that a SIA has larger dilatation volume than a 
vacancy. It has been observed from the atomistic calculations. The stable structure after <100> 
dumbbell type SIAs interacting with infinitive ED shows a near-octahedron orientation due to the 
distance difference of SIAs from dislocation center. Analytical models are reconstructed from single 
dislocation core to split dual cores to compare with atomistic results. The differences have been shown 
and possible reasons are given. 
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