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Abstract 

The scientific challenges of the 21 51 century will increasingly involve competing 
interactions, geometric frustration, spatial and temporal intrinsic inhomogeneity, nano
scale structures, and interactions spanning many scales. We will focus on a broad class 
of emerging problems that will require new tools in non-equilibrium statistical physics 
and that will find application in new material functionality, in predicting complex spatial 
dynamics, and in understanding novel states of matter. Our work will encompass 
materials under extreme conditions involving elastic/plastic deformation, competing 
interactions, intrinsic inhomogeneity, frustration in condensed matter systems, scaling 
phenomena in disordered materials from glasses to granular matter, quantum chemistry 
applied to nano-scale materials, soft-matter materials, and spatio-temporal properties of 
both ordinary and complex fluids. 



Introduction 

The 20th century saw amazing advances in our understanding of the properties of matter 
culminating in the application of these ideas to produce the technology of the modem age 
from electronic devices in every household to space-age structural materials with 
remarkable features. Much of this science has been based on thinking about materials 
near thermal and mechanical equilibrium with uniform atomic structure. Prominent 
examples include band structure, Fermi liquid theory, quasi-particle excitations, etc. 
Although scientists have not exhausted the possibility of new materials describable in 
these terms, researchers are increasingly looking at novel approaches to materials that 
involve small systems, non-equilibrium spatial-temporal dynamics, and coherent control 
where non-equilibrium states with unique properties can be discovered and perhaps 
prepared in a stable state by knowing the state exists and where to look for it. The 
theoretical basis for contributing to this broad array of subjects can be broadly defined as 
non-equilibrium statistical physics. This approach will form the foundation from which 
we will address particular frontier areas of materials science, from hard materials through 
soft matter materials to complex fluid systems. 

From its earliest inception, scientists at Los Alamos National Laboratory have played 
important roles in a wide range of non-equilibrium phenomena. One very influential 
example was the numerical computation of the relaxation of a set of coupled nonlinear 
oscillators to an expected state of equipartition of energy performed on fledgling 
computers by Fermi, Pasta and Ulam (FPU) in 1954 [1]. The non-equilibrium states that 
were observed and the efforts to understand the anomalous results had significant impact 
in the discovery of solition states and the development of the field of nonlinear dynamics 
and chaos [1]. In 1980, the Center for Nonlinear Studies was established to exploit 
emerging advances in nonlinear systems far from equilibrium. Over almost 3 decades, 
researchers affiliated with CNLS have made contributions to solitons and coherent 
structures, nonlinear dynamics, novel materials, fluid dynamics, pattern formation, game 
theory, immunology, parallel computing, ocean and sea ice modeling, proteins, energy 
landscapes, novel numerical and information science algorithms, turbulence, fracture, 
hydrodynamics instability, superconductivity, networks, emergent computation, and 
quantitative biology, to name just a few. During those decades, an increasingly large 
range of science has been challenged by non-equilibrium conditions. These conditions 
can critically enable new states with novel functionalities, especially in the area of 
materials science. In the following sections, we describe in detail how CNLS operates, 
how it is able to impact science in key interdisciplinary areas of Laboratory interest, and 
how CNLS will focus on particular aspects of the broad area of non-equilibrium 
statistical physics. As has been historically demonstrated, we anticipate new and 
unexpected research in the area of non-equilibrium statistical physics will arise naturally 
from collaborations and interactions among students, postdocs, staff and visitors. 

Approach 

The CNLS takes an interdisciplinary approach to the wide span of problems described 
above, and builds common approaches, melds techniques drawn from the physical and 



mathematical sciences, seeks inspiration from the study of complex nonlinear systems, 
utilizes large-scale computing resources, and provides a rich scientific environment for 
interactive collaborative research. Because of the enormous range of available problems 
at Los Alamos National Laboratory, CNLS has become one of the most effective and 
well-know international centers for interdisciplinary research, covering topics including 
systems biology, complex fluids, elastic/plastic materials, fluids and materials problems 
related to climate, soft matter materials, nano-scale materials chemistry, statistical 
physics, computational cognitive neuroscience, Bose-Einstein condensates (BEC), 
information transmission and statistical inference, complex networks, and quantum 
information science. Despite the apparent diversity of topics, we develop and encourage 
a common language for attacking these areas that builds collaborations between 
seemingly disparate scientific problems. The connections are often less transparent than 
would be found in a focused attack on a specific scientific area, but the interdisciplinary 
flavor of our approach is undeniable and the success demonstrable over many decades. 

The core underpinning of our approach is the use of a common set of tools in what one 
might call applied statistical physics. In particular, we use the powerful suite of 
theoretical and numerical methods of theoretical physics and chemistry, applied 
mathematics, nonlinear dynamics, and high performance computing. Specific tools (and 
corresponding technical staff or postdoc exertise) include: 

• 	 Nonlinear dynamics, chaos, linear stability analysis, soliton theory, weakly
nonlinear analysis of spatio-temporal systems (i.e., pattern formation and 
dynamics), and strongly-coupled nonlinear systems that arise in problems such as 
fluid turbulence (Ecke, Saxena, Teoderescu, Gintautas, Chertkov, Lookman) 

• 	 Many-body theory, especially applied to condensed matter and atomic-molecular
optical systems, field theory (Timmermans, Balatsky, Ben-Nairn, Hastings, 
Roberts, Kalas, Solenov, Batista, Zhu) 

• 	 High performance computing over a range of scales from desktop workstations 
and small clusters to peta-scale Roadrunner platforms. CNLS has a 
developmental Roadrunner platform for encouraging efficient usage of 
Laboratory institutional computing resources using the Roadrunner architecture. 
(Wingate, Tretiak, Kilina) 

• 	 Network theory, discrete graphs, information theory (and its relationship to 
statistical physics algorithms), (Ben-Nairn, Chertkov, Bradonjic, Johnson, 
Zdeborova, Hastings, Hagberg, Swart) 

• 	 Continuum mechanics, molecular dynamics, monte-carlo algorithms, phase field 
methods (Saxena, Lookman, Groger, Ben-Nairn) 

• 	 Applied mathematics, algorithm development, inverse methods, optimization, 
control theory, regularization (Chertkov, Swart, Hlavacek, Ben-Nairn, Turitsyn) 

• 	 Non-equilibrium statistical mechanics, statistical hydrodynamics, field theory, 
kinetic theory, phase transitions, Fokker-Planck and stochastic PDEs. (Chertkov, 
Ben-Nairn, Munsky, Turitsyn, Zilman, Bel, Hastings) 

• 	 Quantum chemistry, especially the calculation of electronic and optical properties 
ofnano-scale and bio-related matter. (Tretiak, Batista, Kilina, Tao, Zhu) 



This proposal focuses on systems that are driven from equilibrium, either slightly or far 
from equilibrium. Although there can be large fundamental differences between being 
close to or far from equilibrium, there are approaches and concepts that find utility in 
both areas. Much more work has been done on systems close to equilibrium, we will 
continue some work in that area because it provides a firm foundation for and theoretical 
approaches to problems away from equilibrium. 

Scientific Objectives 

Our research on a broad class of materials and systems naturally divides into two main 
classes. One is where disorder dominates physical properties, either through spatially
disordered matter such as glasses or via geometric frustration where one cannot 
simultaneously satisfy minimizing the energy between, for example, spins on a triangular 
lattice. Here concepts of scaling leading to power laws play an important role as do 
concepts of entanglement in describing the effects of frustration on quantum many-body 
systems. The other main area of our proposal is a combination of the concepts of 
competing interactions, collective behavior, and coupling of disparate spatial and 
temporal scales. We describe here the general goals and objectives of our work, 
understanding that an important element in our approach is taking advantage of 
unforeseen connections that arise in the interdisciplinary CNLS environment. Because of 
the nature of our approach, we can react quickly to new emerging science, changing 
Laboratory priorities, and targets of opportunity in applications. 

Disorder, Frustration, and Statistical Physics 

There is a developing recognition that the non-equilibrium properties of glassy materials 
may have a physical analog in the behavior of granular systems [2]. We are developing 
experiments, numerical simulations, and theoretical 
models to address this question from a variety of aspects. 
The first topic involves the dynamics of flowing grains on 
an inclined plane where gravity in combination with a no
slip boundary condition on the plane induces a diverse set 
of states including novel avalanche dynamics at low 
inclination angle and a pattern instability at higher angles 
[3]. We will explore the localized state nature of the 
avalanches (a large enough avalanche appears to move as 
a localized state at constant velocity over long distances) 
and elucidate the mechanisms of pattern formation in 
granular flows as precise tests of the constitutive equations 
of flowing granular media. The theory of this endeavor 
includes kinetic theory, linear stability analysis, and 
applied mathematics of nonlinear PDEs. We also have 
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built an experimental system to study jamming, i.e., a 

Fig. 1 Photo-elastic disks macroscopic state analogous to a microscopic glassy 
showing stress chainsystem. Using techniques pioneered for the use of photo
distribution.elastic disks [4], we have built a system of about 2000 bi



dispersed particles that can be statically compressed to test scaling near the onset of 
jamming, be used to test percolation ideas for "stress chains," see Fig. 1, and for which 
individual particle displacements can be measured precisely. We can add dynamics by 
moving a probe disk through the packing to look at the process of memory in disorder 
materials and measure the correlation of particle displacements. The theory of this will 
encompasses ideas from granular jamming [2], minimum energy configuration 
"landscapes," friction laws applied to granular particles, and concepts of geometric 
frustration. 

In related work on granular materials we will study driven thin layers of granular 
materials. These layers exhibit interesting phase transitions [5] from an ordered solid
like phase to a disordered gas-like phase of granular particles and a transition from an 
ordered nematic phase to a disordered isotropic phase of granular chains, see Fig. 2. Thin 
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Fig. 2 Ordering in 

granular layers 


granular monolayers are thus ideal systems for studying non
equilibrium phase transitions. We will investigate the roles of 
energy dissipation and athermal driving, two defining features 
of granular matter, on the nature of the non-equilibrium 
melting and ordering phase transitions that occur in granular 
particles and granular rods. Using our realistic molecular 
dynamics simulations and existing experimental results, we 
will develop simplified non-equilibrium dynamics models and 
theories for characterizing phase transitions in thin granular 

layers driven athermally, such as by vertical shaking. Thin 
granular layers are advantageous for study because of the 
simplified two-dimensional geometry. For ordering transitions, 

we will expand our recently developed kinetic theory of alignment to account for more 
realistic particle interactions. 

Many properties of functional materials such as shape memory alloys, martensites and 
ferroelectrics emerge as a result of a structural phase transition. Collective atomic 
motions (or shuffle) as well as lattice distortions (or strains) serve as order parameters in 
a free energy description of the transitions. To fully 
understand and predict materials behavior, including under 
dynamical conditions, both elastic and plastic strains must 
be properly incorporated in a Ginzburg-Landau 
framework. Our results in two dimensions [6] 
demonstrate how plasticity can be coupled to a Landau 
free energy based on relevant elastic strains. This can be 
achieved by treating each dislocation as a source of 
incompatibility between the components of the elastic 
strain tensor, see Fig. 3. Minimization of such a free 
energy provides the order parameter field that in tum Fig, 3 2D slice of stress 
provides both the stress field and the forces on individual field around one edge 

dislocationdislocations. The evolution of dislocation density is then 
obtained by a Fokker-Planck equation. A self-consistent 
procedure allows for a co-evolution of both the elastic texture and dislocation density. 



We propose to establish a clear link between the microscopic and mesoscopic dislocation 
density in order to understand heterogeneous nucleation in materials of interest. We also 
plan to extend the procedure to different lattices in two dimensions, explore their 
constitutive response and dynamical loading [6] as well as study a cubic lattice in three 
dimensions. 

Non-equilibrium methods involving high pressure and high temperature, laser ablation 
and rapid solidification (compressing powdered form of a material) have created 
materials of highly unusual and occasionally intriguingly useful properties. Such 
techniques have formed inter-metallic compounds in a disordered state of high ductility, 
superhard materials with diamond-like properties and semiconductor nanoclusters that 
are expected to act as quantum dots whose photoemission wavelength can be tuned by 
varying the cluster size. The unusual properties become accessible through a 
simultaneous, large-scale rearrangement of the spatial structure of the atoms or 
molecules. In complex fluids, large sets of atoms and molecules are organized into 
separate mesoscale units that are then organized into ordered bulk fluid states. Liquid 
crystals, for instance, are made up of nanometer-sized rod-like molecules that tend to 
orient themselves into a given direction. Colloidal crystals are suspensions of 
polysterene spheres that form an organized crystalline structure. Emulsions are 
immiscible liquids that form regular patterns. Complex fluids tend to respond strongly to 
applied electric or magnetic fields or flow because the intermediate, mesoscale structure 
is highly sensitive to these perturbations. 

At the interdisciplinary intersection of soft-matter physics, hydrodynamics, non
equilibrium statistical physics and the mathematics of stochastic and nonlinear systems, is 
a set of related problems in polymer stretching [7], vesicle dynamics, production of 
entropy in driven hydrodynamic systems, mixing in chaotic fluid and granular flows, and 
off-detailed balance Monte-Carlo sampling. These seemingly disparate systems are 
related by common theoretical concepts. To illustrate this statement we provide one 
typical example. The phenomena of polymer tumbling, inertial particle clustering, 
passive scalar mixing all correspond to statistically stationary processes that are 
characterized by a non-zero probability flux in the configuration space. This probability 
flux is an essentially out-of-equilibrium property of the system, related to the broken 
detailed balance. It is responsible for strongly non-Gaussian fluctuations in these systems, 
and can be also exploited in acceleration of the convergence properties of Monte Carlo 
algorithms. By studying these different physical systems from a common theoretical 
perspective, we will explore the universal properties of non-equilibrium systems. 

The control by external fields of materials that exhibit unusual, spatial arrangement 
driven sensitivities can find applications with profound technological impact. The 
control of magnetic spins by an electric field expected in classes of multi-ferroic 
materials promises a revolution in how magnetic memory can be stored and switched. 
The multi-ferroic properties, the capacity to exhibit hysteresis in multiple quantities such 
as spin, electric polarizability or elasticity, is often caused by geometric frustration - the 
impossibility of satisfying the conditions for minimizing the energy at all sites 
simultaneously, because of the spatial arrangement. For instance, the ferroelectric 



polarization can be correlated to lattice distortions that off-center the position of ions in 
the lattice. Nano- and micron-scale engineering techniques are creating surfaces with 
unusual properties such as light cloaking and modified Casimir interactions (caused by 
electromagnetic vacuum fluctuations). New design methods involving superconducting 
rods and self-assembly techniques are being explored. We will explore the physics and 
promises of multiferroic materials, optimize the design of nano-devices and use statistical 
physics methods to predict and optimize self-assembly. 

Harnessing molecular building blocks to assemble nanometer-scale devices promises 
fascinating applications ranging from electronics to medicine. Advances in atomic-scale 
experimental imagining, manipulation and synthetic techniques have paved the way to 
the first practical control of molecular devices, in which all 
elements are parts of a complex macro-assembly. 
Computational modeling of such complex structures will 
help to establish our fundamental understanding of the 
underlying physics and chemistry and analyze experimental 
data. A central challenge is modeling of complex non
adiabatic (beyond Born-Oppenheimer) processes in the 
quantum systems driven far from equilibrium by laser field 
or another external perturbation. We will use a combination 
of first principle atomistic quantum-chemical approaches 
and classical molecular dynamics/mechanics to model 
directly structure, spectra, and electronic properties of soft 
and hard electronic functional materials and their hybrid assemblies such as polymers, 
dendrimers, and organic dyes [7], or carbon nano-tubes (Fig. 3) [8]. Large-scale 
simulations required to carry out this project will push the envelope of material modeling 
utilizing high performance computers. Classical force field simulation will provide 
geometries and structures, while Density Functional Theory (DFT) will be used to 
evaluate the electronic properties. Results will include geometries, analysis of the 
delocalization in the relevant transition molecular orbitals and transition densities, 
coupling strength among building blocks, phonon spectrum, chemical energy, and 
electronic local density of states. The results of our modeling will be used to analyze 
existing experimental spectroscopic and structural data (e.g., in collaboration with MPA
CINT and C-division teams) and predict new properties and functionalities. 

Competing Interactions and Collective Behavior 

Most of the emergent properties of interest, e.g. magneto-electric response and giant 
magnetoresistance, in complex functional materials (superconductors, CMR, graphene, 
multiferroics, etc.) arise from an interplay of competing interactions, frustration and 
lattice constraints. A remarkable consequence is that many of the ground states of the 
material are not homogeneous but intrinsically inhomogeneous. For example, a 
superconductor can have coexisting nano-regions of pseudo gap and superconducting gap. 
Similarly, CMR materials have coexisting nano-regions of insulating and metallic phases. 
We will probe these phenomena at two different lengthscales: (i) At microscopic 
lengthscales we will start with spin-charge-Iattice coupled many-body models and solve 

Fig. 4 Photo-excitations 
of carbon nano-tubes. 



them (mostly numerically except in some special cases) using quantum Monte Carlo, 
dynamical mean field theory and related techniques. (ii) At mesoscale we will develop 
coupled order-parameter models in within a Landau theory framework, e.g., crystal 
symmetry allowed coupled polarization and magnetization models in the presence of 
elastic long-range interactions due to the distortion of the underlying lattice. These 
models are especially important in terms of studying various domain walls, 
microstructure and the constitutive response. In addition, microscopic models in 
conjunction with available experimental data will determine the parameters (i.e., the 
coefficients) of the mesoscopic models. The latter in term will predict specific 
experiments. 

Geometric frustration also gives rise to novel spin arrangements at low temperature: the 
spins can order in a variety of triangular, tetrahedron or Kagome (honeycomb) structures 
in order to relieve the geometric frustration. The paradigm of geometric frustration is the 
arrangement of anti-ferromagnetically-coupled Ising spins located on a triangular lattice: 
if the first spin is 'up' and the second spin is 'down', then the third spin will have to be.. -(~.. .. aligned with either the first or second spin. Hence, instead of .. -'" ." .'., ... ....' one lowest energy state, this arrangement leads to two equal 

energy (degenerate) states. For larger systems of spins
••c • •• : •• ~ ~.~ 
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l J.1m that case, the hydrogen atom in the crystal is surrounded by 

four oxygen atoms in a tetrahedral arrangement. Two of theseFig. 5 MFM picture of 
will move closer to the hydrogen at the center of theartificial spin ice. 
tetrahedron, forming an H20 molecule, two will move further 

out to bind more closely with hydrogen atoms in nearby tetrahedrons. Spin structures of a 
similar nature, with two spins pointing in towards the center of the tetrahedron and two 
spins pointing out, form a frustrated system called 'spin ice' have been observed in oxide 
materials since 1997. We propose to extend our research on artificial spin ice [9], shown 
in Fig. 5, to explore the correspondence between an effective temperature in these 
systems with corresponding granular temperatures in vibrated granular systems. 

Frustration also plays a central role in strongly correlated electron systems, in which case 
the frustrated arrangement leads to highly degenerate manifolds of ground states, each of 
which consists of a linear superposition of states. The resulting physics of entanglement 
plays a crucial role in the quantum phase transition of certain spin models that are 
expected to describe heavy fermion systems and high temperature superconductors. In a 
quantum description the high degeneracy of states may lead to topological order - related 
to a class of phase transitions that are not related to symmetry breaking and cannot be 
described by an order parameter. The concept of topological order is not well defmed at 
the present and discussions remain speculative, although the application of these insights 
have lead to the proposal of topological quantum computing with anyons, which would 



function as robust quantum bits, free of decoherence. Another central challenge is posed 
by the Kondo lattice problem: how can the crystal spin impurity arrangement lead to 
effective electron-electron attractions giving rise to superconductivity while the bare 
electrons strongly repel each other. We will explore experimental prospects for realizing 
and testing anyon states, explore anyons in the fractional quantum Hall liquid, and we 
will develop a cluster Dynamical Mean Field Theory (DMFT) for attacking the Kondo
lattice problem. 

The phenomenon of a quantum phase transition, in which the nature of the ground state 
of a many-particle quantum system changes abruptly as a parameter of the Hamiltonian is 
varied, is expected to be at the root of the distinct characteristics of strongly correlated 
electron matter: heavy fermion mass, non-Fermi liquid behavior and high temperature 
superconductivity. The competition between competing effects described by the different 
terms of the Hamiltonian can then give rise to competing phases of matter. Long-range 
critical fluctuations are suspected to mediate the effective interaction that gives rise to 
superconductivity. While the critical scaling behavior that causes the long-range (power 
law) fluctuations is well understood in ordinary (finite temperature) phase transitions, a 
general description of quantum phase transition physics remains a challenge. A 
theoretical framework that can describe the combination of competing interactions and 
quantum effects still has to be devised and the inaccessibility of strongly correlated 
electron systems implies that the experimental data remain sketchy. New theoretical 
methods developed in CNLS have connected long-range physics of spin lattice models 
with Bose-Einstein condensation [10]. 

Ultra-cold trapping systems containing ions or neutral atoms, offer unprecedented access 
to and control over many-body quantum systems. This control is a consequence of the 
fact that all length and time scales relevant to the many-body quantum physics of the 
ultra-cold systems are unusually large (microns and microseconds) allowing macroscopic 
and dynamic tools such as lasers to control and observe them. Phase transitions such as 
cold atom phase separation phenomena can be exploited to give ultra-sensitive 
measurements of static external fields [16] and to observe and study macroscopic 
quantum tunneling [17]. New cold atom technologies can craft potential patterns that 
guide BEC's. Such matter wave-guides interchange the traditional roles of matter and 
light in fiber optics. Matter wave-guides form a promising architecture for gyroscopes 
and interferometers. Josephson-coupled trapped BEC sites can observe self-organized 
criticality; the removal of atoms at the end-sites of such chain is predicted to lead to 
cascades of sudden particle decrease events, the size of which can obey a power-law 
distribution. We will explore prospects for condensate wavefunction engineering and 
matter wave-guide physics and, possibly self-organized criticality. 

Many of the most intriguing manifestations of superfluidity and macroscopic quantum 
behavior occur in systems that have to be brought out of equilibrium: macroscopic 
quantum tunneling in which many degrees of freedom cooperate while crossing a 
classically forbidden region; or the Bose-Einstein condensation of polarons, particle 
excitations with a significant admixture of photons; are examples of transient phenomena 
that require a careful control and dynamic preparation. One class ofnon-equilibrium 



manifestations of macroscopic quantum coherence has 
recently experienced a sharp upturn in interest as 
experimental measurements [11] rekindled the hope of 
observing the phenomenon of supersolidity, a new state of 
matter. In most descriptions, the supersolid behavior is 
caused by a quantum coherence of defects such as 
vacancies. These would behave collectively as a BEC at 
sufficiently low temperatures, flowing as a superfluid 
without dissipation and rotating with a non-classical 
moment of inertia. Recent measurements found evidence 
for the glassy nature of the defects. Several research 
efforts at CNLS have touched upon the quest for the Fig. 6 An impurity crystal in 
supersolid state of matter. We have stressed the glassiness a Bose Einstein condensate. 
of the state and raised questions about the quantum 
coherence of the experimental systems [12]. We have also identified supersolid 
characteristics in spin models of strongly correlated electron matter [10] and pointed out 
that self-localized impurity atoms in a dilute gas Bose-Einstein condensate can crystallize 
into a state that simultaneously exhibits crystal symmetry and off-diagonal long-range 
order, see Fig. 6, as well as a non-classical moment of inertia [13]. 

The description of the intricate interplay between physics occurring at different length 
scales takes a center-stage position in modeling climate through the dynamics of oceans 
and ice-sheets. The challenge of integrating out small scale physics to obtain an effective 
and tractable description involves the need of satisfying conservation laws, common in 
turbulent dynamics, as well as a critical evaluation of the assumptions made in large scale 
global modeling. We will extend current work on models and model hierarchies that 
satisfy the conservation laws at the numerical level and reconsider the assumption of 
"Balanced Dynamics" common to large scale models, in the light of efforts to reduce the 
resolution of global climate models below the km-level. 

Scientific Impact 

Our purpose in this proposal is to encourage, strengthen and enhance scientific efforts in 
novel concepts in statistical physics beyond equilibrium. Our general charter is to 
develop interdisciplinary connections between research areas, introduce new approaches 
to existing problems, create and sustain research capability, and use all of our tools to 
advance new ideas and concepts of primarily theory, simulation and modeling to solve 
problems of national importance. In the past several years, we have helped build new 
directions for research in information science, sustained a vibrant effort in novel 
materials research, developed new CNLS and LANL efforts in quantitative biology, and 
are sponsoring a major international conference on the future of energy. We anticipate 
that our current proposal will have similar impact on materials and non-equilibrium states 
of matter through interactions with Laboratory organizations and thrusts and through 
development of new proposals to DOE Office of Science or other federal agencies. To be 
specific we outline our outlook for assisting in the development of new funding for 
programs in various LANL technical divisions. 



On the national fundamental research frontier, our approach is very well aligned with 
Office of Science BES Grand Challenge Areas [15]. One Challenge is particularly 
relevant to our efforts: 

"How do remarkable properties ofmatter emergefrom complex 
correlations ofthe atomic or electronic constituents and how can we 
control these properties? Emergent phenomena, in which a complex outcome 
emerges Jrom the correlated interactions ojmany simple constituents, can be 
widely seen in nature, as in the interactions ojneurons in the human brain that 
result in the mind, the Jreezing ojwater, or the giant magneto-resistance behavior 
that powers disk drives. Ifwe can learn the Jundamental rules ojcorrelations and 
emergence and then learn how to control them, we could produce, among many 
possibilities, an entirely new generation ojmaterials that supersede present-day 
semiconductors and superconductors." 

We are also aligned with the Laboratory's development thrust of a signature facility 
entitled Matter-Radiation Interactions in Extremes (MaRIE). A significant part of the 
facility will be a complementary theory, modeling and information science component. 
Particularly relevant is our work on elastic plastic behavior in materials, our research on 
emergent properties with intrinsic inhomogeneity, and new efforts in the role of 
frustration and disorder in materials far from equilibrium. We are coordinating our efforts 
with Office of Science Program Manager John Sarrao. 

CNLS is nurturing interactions with other Laboratory facilities including the National 
High Magnetic Field Laboratory (NHMFL), the Manuel Lujan Neutron Scattering 
Facility, and the Center for Integrated Nano-Technology (CINT) that help provide a link 
to experimental capabilities at LANL. The most active of these is with CINT, where 
several CNLS affiliates (Sergei Tretiak and Sasha Balatsky) hold joint appointments 
between CINT and T -Division, and with whom we share several postdoctoral 
researchers. Continuing interactions are being coordinated with Andy Shreve, acting 
CINT Director. 

CNLS is interacting with the new LANL "incubation centers" that were created to help 
build bridges between fundamental science capabilities and programs of national 
importance. These three centers are the Center for Bio-Security Science (CBSS) - Tom 
Terwilliger, Director, the Information Science and Technology Center (ISTC) - Frank 
Alexander, Director, and the Energy Security Center (ESC) - Steve Buelow, Director. 
We have close ties to the ISTC and are actively helping develop scientific connections 
and application areas with them. We look forward to building closer links to the CBSS 
and ESC to strengthen LANL efforts in these important areas. The CNLS Annual 
Conference in 2009 entitled "Energy for the 21 sl Century" will be an effective mechanism 
for developing the LANL energy futures and encouraging internal and external 
collaborations in this critical area of national security. Through our conference activities, 
we are also building links with Decision Applications Division. 



In summary, our goal is to build exceptional scientific capability in interdisciplinary areas 
to address complex problems of national importance. This proposal furthers that goal in 
the foundational CNLS research area ofnon-equilibrium statistical physics, a theme that 
underpins much of our work and that ties together our interdisciplinary approach to 
scientific exploration and problem solving. 
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