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Results
To deduce the structure of fields and defects, we combine nu-
merical modeling based on minimization of the Landau–de
Gennes free energy (25) with experimental 3D nonlinear optical
imaging and holographic optical control (26) of n(r) and in-
dividual defects in the corresponding experimental systems. We
investigate the structure and transformation of defects as a func-
tion of genus, temperature, material, and geometric parameters.
The most common observed defectr

http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1405928111/-/DCSupplemental/pnas.201405928SI.pdf?targetid=nameddest=STXT
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1405928111/-/DCSupplemental/pnas.201405928SI.pdf?targetid=nameddest=STXT


www.pnas.org/cgi/doi/10.1073/pnas.1405928111


http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1405928111/-/DCSupplemental/pnas.201405928SI.pdf?targetid=nameddest=STXT


our soft matter system, because defect lines in nonpolar fields in
cosmology (cosmic strings) and in many other physical systems
are topologically similar to nematic disclinations, although much
less accessible experimentally. What is even more important is
that our study shows a way of satisfying topological constraints
that guide interactions between closed surfaces and nonpolar
nematic director fields, which is topologically distinct from that
predicted by mathematical theorems for vector fields. Indeed,
although unknots of small defect loops at intertori junctions of
large handlebody drops are topologically similar to point defects,
the linked and knotted defect lines are not, and thus are topo-
logically distinct from what can be realized in vector fields. It is
surprising that, to the best of our knowledge, the issue of how the
interplay of the topology of a closed surface and a nonpolar field
confined by it may differ from that in the case of a confined
vector field was never considered by mathematicians or physicists
alike. Our study reveals the unexpected richness of possible
nonpolar field and corresponding defect configurations under
confinement by closed varying-genus surfaces, which includes all
structures observed in vector fields and, additionally, a zoo of
other topologically distinct configurations, such as the ones with
knotted or linked defect lines.

Our system allows one not only to realize a large variety of
topologically distinct field and defect configurations, but also to
precisely control and select a particular configuration out of a
large variety of stable and metastable ones (Table 1). Control

capabilities at our disposal include (i) defining the total topological
hedgehog charge m determined by the genus g of a confining
surface; (ii) control of appearance of different types of defect
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photolithography (24, 31). Desired polymer structures were obtained using
replica molding and soft lithography (32). Norlin optical adhesive (NOA63)
was placed between a glass plate and a substrate containing handlebody-
shaped silica microstructures and then UV cured for 20 s using an OmniCure
S2000 illumination system (Lumen Dynamics). The polymerized film was
peeled off to leave the desired surface topography on one of its sides. We
also fabricated flat polymer films of 5–10 μm in thickness needed to form
closed handlebody-like surfaces by sandwiching the two films together. To
realize homeotropic boundary conditions, we treated the polymer films and
glass substrates by a 0.5 wt % aqueous solution of N,N-Dimethyl-N-octa-
decyl-3-aminopropyltrimethoxysilyl chloride or by a solution of lecithin in
toluene (10). Additionally, some NOA63 films were heated to temperatures
right beneath the isotropic nematic transition of the nematic LC E31 (from
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