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1 Introduction
In 1997 Zhu et al. [1] opened a question that why the stacking disorder in the hard sphere (HS)
colloidal crystal is reduced due to gravity. Though some experiments [2-5] have been performed
thereafter, we have not yet reached the final conclusion.

Beside the above experiments, we have performed Monte Carlo simulations [6-8] using HS model.
In this paper we concentrate on two stacking disorder structures. One is an intrinsic stacking fault with

the Shockley partial dislocation terminating one of the ends. The other is a
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twin band structure. Elasticity calculations for those two structures are fs
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We have observed two types of stacking disorder. One is glissile, which is . g . | .J
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the intrinsic stacking structure. The other is sessile. There were, in . . ®
appearance, and there can be, in principle, many structures possessing the J

sessile nature. Figure 1 is one of those; this picture result from overlay of

two twin bands composed of two layers. We note that we this minimal
twin band structure have been found to develop upward during the crystal
growth [7].

We have also observed an intrinsic stacking fault [8]; transformation of
the defective crystal in defect-less crystal [6] is caused by shrinkage of the
intrinsic stacking fauit. &6 S0

3 Elasticity Calculation LI
In this paper we calculate the elastic strain energy separately from the

gravitational energy. The strain energy due to a strait dislocation of ]
Burgurs vector b, which makes angle 6 with respect to the dislocation . . “ . ‘.
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Figure 1: Projected
snapshot of a sessile
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line, is W(R)=(,ub2/47r)[coszt9+sin2 H/(l—v):lln(aR/b) [9]. Here, R is the linear dimension
over which the strain field expands, u(~ IOZkBT / o’ [10,11]) the shear modulus, v the Poisson

ratio, and « defines the dislocation core radius#, = b/a . The elastic strain energy per unit length of

the dislocation can be calculated by substituting b with b' = (1/ 6) [El 1] and 6= 7/6. Addition of
the core energy, stacking fault (interfacial) energy, and gravitational energy lead to the total energy,

[ =[(3/64ﬂ)1n(£aR/a)+ﬁ/6] ua’ -|—(gyxf +mg/30')R. Here, we have substituted 1/3 for v

for simplicity, and the core energy have been written as [ }blr and the stacking fault energy ¢y R

with # and ¢ being constants (y, ~107 kT / o*[12]), the gravitational contribution mgR /30,

a is the face-centered cubic (fcc) lattice constant, and o, the HS diameter, defines the unit length.
For minimal twin band structure, the partial dislocation on the one of two lattice planes in the twin
band can be regarded to have opposite Burgers vector to the other due to the periodicity of fcc. That is,
a dislocation dipole forms at the end of this (minimal or two plane thick) twin band structure. It means
the cancellation of the long-range (logarithmic) strain energy. The total energy may be written as

U™ =982 pa* + (Bg';/sf +mg/ 0') R in the same manner as for the intrinsic stacking fault.

4 Concluding Remark

Vanishing logarithmic term suggests the sessile nature, i.e., the end of the minimal twin band structure
hardly glides, in contrast to the intrinsic stacking fault [8]. We anticipate that premelting near a defect [10]
may mediate the shrinkage of the sessile structure.
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