ELASTIC SHEETS, PHASE SURFACES and
PATTERN UNIVERSES
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» Connecting the geometry of energy functionals of elastic sheets
and patterns

» Condensation of Gaussian curvature on point and loop defects.
Topological indices of “spin” and “charge”.

» Parallels between pattern universes and fundamental particle
physics and cosmology. Quarks, leptons, inflation, dark matter,
dark energy.

http://arxiv.org/abs/1612.01007
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Patterns and their point defects

(a) Concave disclination. (b) Convex disclination

Point defeets in patterns
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Concave-convex point disclinations in experiments.



Microscopic
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Elastic sheets, phase surfaces and pattern universes
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Figure 2: The graphs of (w*} (dashed) and kB (k) (dotted) superposed on the nentral sta-
bility curve (solid) of the uniform w = 0 solution of (8). The horizontal line corresponding
to the given stress parameter R intersects the neutral stability curve at wavenumbers &y and
ky. The uniform state is linearly unstable to perturbations with wavenumbers k; < k < k,.
The wavenumbers corresponding to the Eckhaus instability kg and kp, and the largest
growth rate, kg, are also indicated on the figure.
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Figure 5: The nipple instability.



V-string Xestiing

(a) A V-string. (b) A X-string.

Figure 8: Loop defects. z is the coordinate along the “backbone” and the pattern is
periodic in 2.



Pattern Dark Matter
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Figure 9: The rotation curve for NGC 3198, r is the distance from the galactic center and
v(r) is the rotation speed. The data is from van Albada et al [71].
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