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Our results agree with the predictions of BKT theory, including the prediction of a
universal jump in the superfluid density at the critical temperature.
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X-Ray Observation of a Stacked Hexatic Liquid-Crystal B Phase
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X-ray studies have been performed on a new liquid-crystal material which exhibits a
noncrystalline B phase. Using free-standing liquid-crystal film techniques, we find that
this B phase has short-range in-plane positional correlations but long-range, three-
dimensional, sixfold bond-orientational order. We interpret our results in terms of a
system of interacting two-dimensional hexatic layers.
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Order, frustration, and defects in liquids and glasses

David R. Nelson
Lyman Laboratory of Physics, Harvard University, Cambridge, Massachusetts 02138
(Received 19 May 1983)

A defect description of liquids and metallic glasses is developed. In two dimensions, surfaces of
constant negative curvature contain an irreducible density of point disclinations in a hexatic order
parameter. Analogous defect lines in an icosahedral order parameter appear in three-dimensional
flat space. Frustration in tetrahedral particle packings forces disclination lines into the medium in a
way reminiscent of Abrikosov flux lines in a type-II superconductor and of uniformly frustrated
spin-glasses. The defect density is determined by an isotropic curvature mismatch, and the resulting
singular lines run in all directions. The Frank-Kasper phases of transition-metal alloys are ordered
networks of these lines, which, when disordered, provide an appealing model for structure in metal-
lic glasses.
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Icosahedral Order, Frustration, and the Glass Transition:
Evidence from Time-Dependent Nucleation and Supercooled Liquid Structure Studies

Y.T. Shen, T. H. Kim, A. K. Gangopadhyay, and K. F. Kelton™

Department of Physics, Washington University, St. Louis, Missouri 63130, USA
(Received 23 September 2008; published 6 February 2009)

PHYSICAL REVIEW B 87, 184203 (2013)

Connectivity of icosahedral network and a dramatically growing static length scale
in Cu-Zr binary metallic glasses

Ryan Soklaski, Zohar Nussinov, Zachary Markow, K. F. Kelton, and Li Yang"
Department of Physics, Washington University in St. Louis, St. Louis, Missouri 63130, USA
(Received 21 January 2013; published 23 May 2013)

We report on and characterize, via molecular dynamics studies, the evolution of the structure of CusZrsg
and CugyZr3s metallic glasses (MGs) as temperature i1s varied. Interestingly, a percolating icosahedral
network appears in the CugZrzgs system as it is supercooled. This leads us to introduce a static length
scale, which grows dramatically as this three-dimensional system approaches the glass transition. Amidst
interpenetrating connections, noninterpenetrating connections between icosahedra are shown to become prevalent
upon supercooling and to greatly enhance the connectivity of the MG’s icosahedral network. Additionally,
we characterize the chemical compositions of the icosahedral networks and their components. These findings
demonstrate the importance of noninterpenetrating connections for facilitating extensive structural networks in
Cu-Zr MGs, which in turn drive dynamical slowing in these materials.
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1947 Theory of the Structure Factor of Metallic Glasses
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A recently developed Landau description of short-range icosahedral order in supercooled
liquids and metallic glasses is used to calculate density correlation functions in these systems.
The theory predicts frustration-broadened peaks in the structure factor, at positions deter-
mined by the symmetries of an ideal, curved-space icosahedral crystal. The results provide a
good fit to experiments on vapor-deposited metal films.
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The icosahedral phase has symmetries intermedi-
ate between those of a crystal and a liquid. It
differs from other intermediate phases in that it is
both solid, like a metallic glass, and that it has
long-range orientational order. Many intermediate
phases do have orientational order, but usually it is
only local, and the transition to such phases is con-
tinuous.®>” The possibility of an icosahedral phase
with long range order was inferred from a computer
simulation,'%!! and a first-order liquid-to-icosa-
hedral phase transition has been predicted from a
mean-field theory.!!-12
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No LSM anomaly: “trivial” ground state
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Localization Transitions in Non-Hermitian Quantum Mechanics

Naomichi Hatano* and David R. Nelson

Lyman Laboratory of Physics, Harvard University, Cambridge, Massachusetts 02138
(Received 15 March 1996)

We study the localization transitions which arise in both one and two dimensions when quantum
mechanical particles described by a random Schrodinger equation are subjected to a constant imaginary
vector potential. A path-integral formulation relates the transition to flux lines depinned from columnar
defects by a transverse magnetic field in superconductors. The theory predicts that, close to the

depinning transition, the transverse Meissner effect is accompanied by stretched exponential relaxation
of the field into the bulk and a diverging penetration depth. [S0031-9007(96)00677-1]

PHYSICAL REVIEW B VOLUME 56, NUMBER 14 1 OCTOBER 1997-11

Vortex pinning and non-Hermitian quantum mechanics

Naomichi Hatano™
Lyman Laboratory of Physics, Harvard University, Cambridge, Massachusetts 02138

and Department of Physics, University of Tokyo, Hongo, Bunkyo, Tokyo 113, Japan

David R. Nelson
Lyman Laboratory of Physics, Harvard University, Cambridge, Massachusetts 02138

(Received 16 May 1997)

A delocalization phenomenon is studied in a class of non-Hermitian random quantum-mechanical problems.
Delocalization arises in response to a sufficiently large constant imaginary vector potential. The transition is
related to depinning of flux lines from extended defects in type-II superconductors subject to a tilted external
magnetic field. The physical meaning of the complex eigenvalues and currents of the non-Hermitian system is
elucidated in terms of properties of tilted vortex lines. The singular behavior of the penetration length describ-
ing stretched exponential screening of a perpendicular magnetic field (transverse Meissner effect), the surface
transverse magnetization, and the trapping length is determined near the flux-line depinning point.
[S0163-1829(97)03438-3]
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Non-Hermitian Physics

Yuto Ashida®*, Zongping Gong®, and Masahito Ueda®*
Advances in Physics, 2020

We discuss their applications to physical systems relevant to a
variety of fields, including atomic, molecular and optical physics,
mesoscopic physics, and nuclear physics with emphasis on
prominent phenomena/subjects in quantum regimes, such as
quantum resonances, superradiance, continuous quantum Zeno
effect, quantum critical phenomena, Dirac spectra in quantum
chromodynamics, and nonunitary conformal field theories.
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Selective sweeps in growing microbial
colonies

Kirill S Korolev!->>-°, Melanie J I Miiller'->->->, Nilay Karahan?,
Andrew W Murray ', Oskar Hallatschek* and David R Nelson '3

time

Figure 1. Comparison of spatial segregation during a range
expansion of Baker’s yeast, Saccharomyces cerevisiae with

(a) equal and (b) different growth rates of the two competing strains.
The Petri dishes were inoculated with a well-mixed population
occupying a narrow horizontal linear region at the bottom of the
images from which the sectors appear. As the populations expand,
they segregate into well-defined domains. Different colors label
different genotypes. (a) The two strains (yellow and blue) have the
same fitness and the demixing is driven primarily by number
fluctuations (genetic drift) [15, 6]. It is likely that the small
variations with horizontal position in boundary slopes are related to
undulations of linear fronts, which are difficult to suppress when the

Figure 2. Colony edge at single-cell resolution (mature yeast cells
are 5 um in diameter). (a), (b), (c¢) and (d) Successive images (at 2 h

front is very long [26]. (b) The sector 1s formed by the fitter strain intervals.) .Of the Sam? region near.the edge of a growing
(black), and the sector expansion is caused by the difference in S. cerevisiae colony inoculated with a razor blade. Note the
growth rates of the strains, or, in other words, by natural selection. formation of a green (light gray) sector on the lower right. The two

In both (a) and (b), the scale bars are 500 pm. strains have approximately the same fitness in this experiment.
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