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Order vs Curvature

Einert et al , cond-mat/0506741
(2005)

In flat two-dimensional space
particles have the natural
tendency of packing in a
triangular lattice.

The addition of a non-zero
Gaussian curvature gives arise
to a different type of crystalline
structure due to the competition
between order and curvature...
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Spherical Crystals

VIPERdb,
http://viperdb.scripps.edu

Any triangulation of the
sphere must contain at least
twelve 5-fold disclinations.

Euler’s Theorem

V − E + F = χ

Disclination Charge

Q =
∑

i∈S2

(6−ci) = 6χ = 12
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Grain Boundaries
“Scars”

In large crystals the pres-
ence of additional 5-7 dislo-
cations can lower the elastic
stress.
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Parabolic crystals

P
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y = r sinφ

z = h
R2 r2

Variable Gaussian curvature
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Boundary, χ = 1

Q =
∑

i∂P2

(4 − ci) +
∑

i∈P2

(6 − ci) = 6χ = 6
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The Soap Bubbles
Model

A macroscopic model of
a parabolic crystal can be
obtained in laboratory by
assembling a single layer
of soap bubbles on the
parabolic surface of a rotat-
ing liquid...

z =
ω2

2g
r2

R = 5 cm

h =
ω2

2g
R2 = (0 ÷ 15) cm
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The Soap Bubbles
Model
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The Soap Bubbles
Model
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The Soap Bubbles
Model
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Defects Phase
Diagram

A tentative phase diagram
can sketched by using a
simple argument based on
dislocations screening.

K0s
2 =

1

3

with:

K0 :
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Numerical
simulations

Finding the global minimum of the Riesz energy E =
∑1,N

ij 1/|ri − rj |
s

satisfying the non-linear constraint ri ∈ P
2, is a formidable optimiza-

tion challenge. A combination of the Storn-Price DE algorithm and local
minimization methods gave good results for system up to N = 100 par-
ticles... larger simulations are running.

N = 40 N = 50 N = 100
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