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PROBLEM:
The classical and quantum phase transitions study is one of the most interesting of the physical systems. One can introduce the fundamental connection between quantum transitions in d dimensions and certain well studied finite temperature phase transitions in classical statistical mechanics in d+1 dimensions. This proposal addresses to one of the foundation stones of modern physics: critical phenomena and phase transitions. Statistical physics is of growing importance in areas ranging from condensed matter physics to cosmology (including problems regarding the origin of the universe itself and of life within it), but also to biology, sociology and to economics. A cornerstone in the study of phase transitions is the principal of universality. The universality concept is commonly stated together with hypothesis of scaling and finite-size scaling for the thermodynamic functions close to the critical point. The theory of finite-size effects and of finite-size scaling in general has been mostly successful in deriving critical and non-critical properties of infinite systems from those of their finite or partially finite counterparts. In experiments and in numerical studies of model systems, it is essential to take into account finite size effects. The scaling properties of these corrections to the infinite system behavior play an increasingly important role in our theoretical understanding of the critical regime of statistical systems. Thermal entanglement is considered to play a key role for the understanding of strongly correlated quantum systems, quantum phase transitions and collective quantum phenomena in particular many-body spin and fermionic lattice models.  Entanglement properties for few spins or electrons can display the general features of large thermodynamic systems and different measures of entanglement have been defined to understand the quantum phase transitions and critical points. A finite spin system is important in the context of molecular magnetism and nanomagnets. Furthermore, such a connection can be exploited to unveil a fundamental connection between the quantum critical points in finite-size small, large clusters. 
OBJECTIVES:
The subject of this project is on borders of condensed matter physics, mathematics and field theory.
At first we study the classical behavior of magnetization plateaus for different systems (He3, triangulated kagomé of compounds 
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and organ metallic polymers). Same of these materials have the geometrical frustration.

 Second we perform researches in various models of statistical physics, using an array of analytical, exact and numerical mathematical tools. We will especially target universality, scaling and finite-size effects in low dimensional models of statistical mechanics.

The third part of our project is the classical partition function zeros by recursion relation technique and transfer matrix approaches in the complex plane. We’ll pay attention to the higher spin models and to biological systems. 


The fourth part of the project is the study of effect both for three dimensional (3D) and one dimensional randomness (1D) on lattices. By theoretical and experimental researches the Resonant Diffusive Radiation in the optical region strictly differs from the other radiation mechanisms by its angular distribution. 


We plan to continue the researching of thermal entanglement via transfer matrix method and quantum phase transition applying Gibbs-Bogoliubov inequality approximation in the thermodynamic limit. We construct concurrence and the von Neumann entropy of spin-1/2 Ising-Heisenberg model on triangulated Kagomé lattice, He3 and organ metallic polymers. We plan to obtain thermal entanglement via negativity of the general spin-1 anisorpotic XXZ Heisenberg model with longitudinal crystal field and get negativity plateaus via nearest-neighbor exchange coupling in the anti-ferromagnetic case.

	Task description and main milestones
	Participating Institutions

	Task 1.1 Magnetization properties and entanglement of kagome lattice

Task 1.2 Study the finite-size effects in ladders 
Task 1.3 Resonant Diffusive Radiation in the optical region in 1D
Task 1.4 Super stable cycles of Potts model 

Task 1.5 Develop a distance measure analogous to RMSD (root mean square distance) and depended only on dihedral angles of the proteins/nucleic acids and modify it to comparison of proteins/nucleic acids of different lengths and protein domain structural classification.

Task 1.6 Partition function zeros of the Blume-Capel and Blume-Emery-Griffiths models on zigzag ladder
Task 1.7 Concurrence and magnetization plateaus on diamond chain
Task  2.1 To obtain thermal entanglement via negativity of the general spin-1 anisorpotic XXZ Heisenberg model

Task 2.2 Study the finite-size effects in 2D lattice models
Task 2.3 Resonant Diffusive Radiation in the optical region in 3D
Task 2.4 Arnold tongues for the antiferromagnetic Ising model 
Task 2.5  Design a null model for analyzing significance of found clusters for angular data
Task 2.6  Partition function zeros of the Blume-Capel and Blume-Emery-Griffiths models on square ladder
Task 2.7 Concurrence of solid 
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 with multiple exchanges
Task  3.1 To study p-terphenyl magnetic properties and concurrence  with Ising-Heisenberg bond-alternating exchanges
Task 3.2 To study magnetic properties and negativity on diamond chain 
Task 3.3 Winding numbers for Q-state Potts (Q<2) and three-site anti-ferromagnetic Ising models
Task 3.4 Smith-Purcell radiation (SP) of charged particle travels parallel to a plane with diffraction grating.
Task 3.5 Develop an application of proposed distance measure for analysis of molecular dynamics (MD) trajectories to distinguish kinetic basins or metastable states.
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IMPACT:
We expect to get the magnetization plateaus, concurrence of solid and  fluid 
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on on triangular and Kagomé lattices, tri chain and ladder with two-, three-, four-, and six-site exchanges and to obtain the common thermal features in entanglement and magnetic properties in frustrated systems. It is expected by using Gibbs-Bogoliubov approach one can get that behavior of magnetization plateaus, susceptibility, specific heat are the same as concurrence.
We intend to obtain thermal entanglement via negativity of the general spin-1 anisotropic XXZ Heisenberg model with longitudinal crystal field.  We hope to get the thermal negativity plateaus via nearest-neighbor exchange coupling in the anti-ferromagnetic case. We plan to get the negativity of spin -1 Heisenberg model in absence of magnetic field B and at
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 and discuss dependence of longitudinal crystal field in anti-ferromagnetic, ferromagnetic cases.  By studying the quantum susceptibility of magnetic field and susceptibility of a longitudinal crystal field we plan to get the indications of triple or tricritical points on the cluster. 


We intend to obtain different magnetization plateaus on the magnetization curve in organ metallic polymers on honeycomb and diamond chains. One can expect to get the analytic expression for concurrence and negativity for the honeycomb and diamond chains using transfer matrix method.

 We intend to perform researches in various models of statistical physics, using an array of analytical, exact and numerical mathematical tools and obtain the universality, scaling and finite-size effects in low dimensional models of statistical mechanics.

We plan to research the densities of the Yang-Lee and Fisher zeros, study the edge singularity exponents of spin-1 Blume-Capel and Blume-Emery-Griffiths models on  zigzag ladder using the transfer matrix and multi-dimensional mapping methods and get a triple point. 

We intend to calculate modulated phases in one-dimensional rational mapping for non-integer Q in Potts model and find super stable n-cycle. We will get Arnold tongues for period doubling and three cyclic window, winding numbers and calculate Lyapunov exponent for rational mapping. 

We plan to study effect was both for three dimensional (3D) and one dimensional randomness (1D) on lattices. By theoretical and experimental researches the Resonant Diffusive Radiation in the optical region strictly differs from the other radiation mechanisms by its angular distribution. 

We intend to study the classical partition function zeros by recursion relation technique and transfer matrix approaches in the complex plane. We’ll pay attention to the higher spin models and to biological systems. 

Ценность ожидаемых результатов, их новизна и научная значимость, открывающиеся новые возможности исследований в данном направлении (желательно объемом не более 1/2-страницы).
Brief survey of the worldwide researches made on the project topic, the competitiveness of the project, and achievements of the group (not more than 2 pages):

Entanglement is a generic feature of quantum correlations in systems, which cannot be quantified classically. It provides a new perspective to understand the quantum phase transitions (QPTs) and collective phenomena in many-body and condensed matter physics. This problem, which has been under scrutiny for nearly two decades, has attracted much attention recently [1]. We have found a strong correlation between magnetic properties and quantum entanglement in spin-1/2 Ising-Heisenberg model on triangulated Kagom¶e lattice, which has been proposed to understand a frustrated magnetism of the series of 
[image: image5.wmf]9262

()

CuXcpanHO

g

polymeric coordination compounds [2]. 
In experiments and in numerical studies of critical systems, it is essential to take into account finite-size effects. The scaling behaviors of such corrections to the properties of infinite systems play an increasingly important role in our theoretical understanding of the critical regime of statistical systems. Therefore, in recent decades there have many investigations on finite-size scaling, finite-size corrections, and boundary effects for critical model systems [3].  Extending this approach, Izmailian, Oganesyan, and Hu computed the finite-size corrections to the free energy for the dimer model on finite square lattices under five different boundary conditions (free, cylindrical, toroidal, Möbius strip, and the Klein bottle). They found that the aspect-ratio dependence of finite-size corrections is sensitive to boundary conditions and the parity of the number of lattice sites along the lattice axis [4]. 

Once recursion dynamics xn+1=f(xn) is given the Lyapunov exponent ((x) characterizes exponential divergence of two nearby points after n iterations [5]. One can show the existence of the magnetization plateaus of fluid 
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 with two, three and six-site exchanges on kagome chain at low temperatures.  A multi-dimensional mapping deduced to study the maximum Lyapunov exponent near plateaus and one can show that the location of plateaus on the maximal Lyapunov exponent is the same for magnetization.
There exist three cyclic window in antiferromagnetic Potts and three-site interaction Ising models [6].
Yang and Lee have initiated a method to study phase transitions based on partition function zeros. After the seminal work by Yang and Lee, Fisher investigated the zeros of the partition function of the Ising model on the square lattice in the complex temperature plane (Fisher zeros) [7]. 
Partition function zeros of the one-dimensional ferromagnetic and anti-ferromagnetic Blume- Capel and Blume–Emery–Griffiths models with spin 1 have been studied.  In spin models above the critical temperature the partition function zeros accumulate at complex values of the magnetic field with a universal behavior for the density of zeros with the critical exponent 
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. For the one-dimensional Blume-Capel and Blume-Emery-Griffiths models it is shown triple degeneracy with the critical exponent
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 [8].   

Spin systems with cyclic exchange interactions have been receiving an increasing amount of attention in the past few years. These interactions are known to be responsible for the properties of the triangular magnetic system composed of 3He atoms absorbed on graphite surfaces [9]. The diamond chain is a one-dimensional lattice spin system in which the vertical spin dimers alternate with single spins. This model with S = 1/2 is believed to describe the magnetic lattice of mineral azurite, Cu3(CO3)2(OH)2, which is famous for its deep blue pigmentation [10].
A charged particle creates around it electromagnetic field which we call pseudophoton. These pseudophotons are scattered on the inhomogeneites and convert into real photons. Multiple scattering of pseudophotons lead to their diffusion and this diffusion contribution to the radiation intensity in some cases turns out to be the main one [11].   One can investigate radiation from charged particles in the systems with two dimensional lattice random inhomogeneity of dielectric constant. One of the important realizations of two dimensional situation is the radiation from the charged particle travelling parallel to a rough surface. Smith-Purcell radiation (SP) is originated when a charged particle travels parallel to a plane with diffraction grating [12].

Biopolymers represent the most abundant organic compounds in the biosphere and constitute the largest fraction of cells. Among most notable of them are proteins and nucleic acids (DNA/RNA). They are the main subjects of study in Molecular Medicine, fast developing field of research seeking to discover molecular origin of many diseases [13]. We have formulated model of random conformations of protein backbone, where dihedral angles will be taken randomly under natural constraints and studied possible fluctuations for generated finite set of random conformations. Due to finite number of elements in dataset some data points could cluster together because of fluctuations [14]. 

Состояние дел в области предлагаемого проекта, краткое описание конкурентных проектов (в основном - достигнутых результатов), преимущества (особенности) предлагаемого проекта, ссылки на работы группы по тематике проекта (если имеются), другие достижения группы.
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Technical Approach and Methodology
Frustrated spin systems have been in the focus of intensive investigations during the last decades. Belonging to a separate class of magnetic systems, they possess a number of fascinating features. Geometrically frustrated magnets are of special interest due to their unusual magnetic and thermodynamic properties. In this class of magnets the lattice topology precludes the spins from simultaneously minimizing all spin–spin-exchange interactions. The simplest example of frustrated spin cluster is given by the triangular arrangement of three spins with antiferromagnetic interaction between each pair. We are going to calculate the magnetic properties of solid and fluid He3 absorbed on the surface of graphite with two-, three-, four-, and six-site exchange interactions in strong magnetic field.

At relatively high temperatures the magnetization curve shows a monotonic behavior versus magnetic field with a full saturation at strong magnetic field. After the decreasing the temperature a new partially saturated phase emerges in form of the magnetization plateaus.  Indeed, the appearance of plateaus in magnetization curve at m = ±1/6 on kagome lattice. One can explain the stability of trimeric states in available 
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configurations with two-, and three-site exchange interactions in strong magnetic field. One can calculate the magnetic susceptibility (  versus external magnetic field for the same values of exchange parameters and temperature. The magnetization plateaus indicate on frustration. In case when exact analytical results are unreachable for the Hamiltonian H (big number of sites or particles), we are going to use some approximate methods. One of these kinds of methods is based on the Bogoliubov inequality. In this case a trial Hamiltonian 
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 (such, to be exactly solved) is introduced with a number of unknown variational parameters. Later can be found from the restriction which the Bogoliubov inequality puts on the free energy (
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 are the free energies of the system described by H and 
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 respectively and 
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 denotes thermal average over the ensembles defined by 
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). This method allows us to study separate clusters in an effective field created by the rest of the particles of the system. We intend to obtain magnetization plateaus, susceptibility, specific heat and concurrence for kagome chain and ladder with two-, three-, and six-site exchanges and for zigzag ladder with two-, three-, and four-site exchange interactions using Gibbs-Bogoliubov approach of solid and fluid
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. Gibbs-Bogoliubov approach will be applied in two dimensional spin 1/2 Heisenberg model on kagome and   triangular lattices. One can get magnetization plateaus in two dimensional lattices with multisite exchange interactions.

Using Gibbs-Bogoliubov approach for spin 1/2 Heisenberg model on chain and ladder we will get

· Magnetization plateaus, susceptibility, specific heat  for kagome chain and ladder with two-, three-, and six-site exchanges 

· Magnetization plateaus, susceptibility, specific heat for zigzag ladder with two-, three-, and four-site exchange interactions.

Using Gibbs-Bogoliubov approach for two dimensional spin 1/2 Heisenberg model we will obtain 

· Magnetization plateaus, susceptibility, specific heat for kagome lattice with two-, and three-site exchange interactions

· Magnetization plateaus, susceptibility, specific heat for triangular lattice with two-, three- and four-site exchange interactions.
It is possible to describe magnetization plateaus on the triangulated kagomé (triangles-in-triangles) lattice of compounds
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 using Gibbs-Bogoliubov approach. There is a strong Heisenberg 
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 exchange coupling between trimeric sites of a type and weaker Ising-type one (
[image: image20.wmf]ab
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) between trimeric a and monomeric b ones.
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One can defined above a- and b-single site magnetizations. Under decreasing the temperature a new partially saturated phase emerges in form of the (spin) plateaus in
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, which can be associated with staggered magnetization or short range antiferromagnetism (AF) in frustrated Kagome geometry. Indeed, the appearance of plateau in magnetization curve at 
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 can be explained as stability of trimeric a sites in available 
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  configurations.
The transfer matrix method is useful in rigorous study not only for the classical systems such as the Ising model, but also for the quantum models. The transfer-matrix method is used for studying p-terphenyl magnetic properties with Ising-Heisenberg bond-alternating exchanges.
Let us consider the 1D bond-alternating spin system in a magnetic field described by the following Hamiltonian:
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In the transfer matrix formalism the partition function of the system can be written in the following form 
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, where the transfer matrix is defined as 
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The transfer matrix consists of 128×128 elements (block) and some of them are equal to zero.

These blocks of the transfer matrices (128×128) are separated because pair of Heisenberg interaction is connected with two and more Ising one on honeycomb chain. 

 In terms of the eigenvalues of the transfer matrix 
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 (i=1, 2,…, 128), the partition function can be written as 
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. The eigenvalues 
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of the transfer matrix correspond to solutions the characteristic equation. The thermodynamic variables of the system, such as magnetization, magnetic susceptibility, specific heat, can be expressed in terms of the partition function or its derivatives. 
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One can use transfer-matrix method for finding magnetization plateaus of bond-alternating spin system on diamond chain. The spin Hamiltonian of the system in the presence of an external magnetic field h can be written in the form 
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The transfer matrix consists of 
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 elements (block). These blocks of the transfer matrices (16×16) are separated because pair of Heisenberg interaction is connected with two and more Ising one on diamond chain. These types of lattices can be used in describing organ metallic polymers. The magnetism of organic and organ metallic polymers has been a challenging topical field. Natural p-terphenyl derivatives occur in fungi mostly as 2,5-diphenyl-l,4-benzoquinones. Ferromagnetic and anti-ferromagnetic Heisenberg chains (diamond, sawtooth) are studied and they will be used in metal-polymers. We intend to obtain different magnetization plateaus on the magnetization curve, susceptibility, specific heat in organ metallic polymers on honeycomb and diamond chains.
Some organ metal-polymer complexes are geometrically frustrated. 
During the last two decades, the study of finite-size effects has undergone an extensive development and gained still growing importance for the theory of the phase transitions and critical phenomena. These topics have been under intensive study by many research groups in recent years. The theoretical methods employ a broad range of techniques from Monte Carlo to analytic including the renormalization group and conformal field theory. 
The second part of this project is devoted to the investigation, through analytical and computer methods, of universal and finite-size properties of low dimensional critical models. Much recent progress has been made on these models, but many interesting questions remain unanswered.
In this proposal we plan to study the finite-size effects in 2D lattice models. Two-dimensional models of statistical mechanics have long served as a testing ground in attempts to understand critical behavior and to explore the general ideas of finite-size scaling (FSS).  Very few of them have been solved exactly. The Ising model and the dimer model are the most prominent examples. In our recent paper we have proposed and fruitfully applied a new, original method  to derive the exact asymptotic expansion of the logarithm of the partition function for free fermion models including the Ising model, dimer model and the Gaussian model. Our approach is based on an intimate relation between the terms of the asymptotic expansion and the so-called Kronecker’s double series. As an application of this result, we have obtained

exact asymptotic expansions of the free energy, the internal energy and the specific heat for a class of exactly solvable two-dimensional models of statistical mechanics, including the Ising model , dimer model and resistor network  under various boundary conditions.

In this research project we plan to extend the investigation of the influence of the boundary conditions on the finite-size scaling behaviour near the critical point. This body of work will lead to greater understanding of the effects of finite size, and the infinite-volume need to be corrected for the finite sizes we deal with in real experiments. This research will lead to improved understanding of realistic systems of finite extent.

A spin-1 Ising model known as Blume-Capel and Blume-Emery-Griffiths model (BEG) has played an important role in development of the theory of tricritical points. For the one-dimensional Blume-Capel and Blume-Emery-Griffiths models it is shown triple degeneracy (Yang-Lee zeros) with the new critical exponent.  We are going to study Blume-Capel and BEG models on zigzag, square ladders and 1D chain on complex magnetic field (Yang-Lee zeros) and temperature (Fisher zeros) plane at triple point by means of transfer matrix method.  We intend to study:

·  λ-line of the second-order phase transition on complex magnetic field and temperature plane

· The existence of triple point by means of transfer matrix method on complex magnetic field and temperature plane. 

 It is possible to calculate modulated phases in one-dimensional rational mapping for non-integer Q in Potts model. It is necessary to point out that these rational mappings in some values of parameter can be identified with super stable cycles of a circle map. There exist super stable orbits with rotation numbers and modulated phases for the Potts model (Q < 2) with rational mapping. At Q=1 this map is the logistic one. We intend to study the following problems:

· To find super stable n-cycle of the rational mapping for Q-state Potts model on the Bethe lattice for period doubling and three cyclic window

· To get Arnold tongues for period doubling and three cyclic window

· To obtain winding numbers (w=1/2, w=2/4 and w=1/3) for Q-state Potts (Q<2) and three-site interaction Ising models 

· To calculate Lyapunov exponent for rational mapping

The two-temperature description of the RNA-like molecule is proposed. Instead of equilibrium treatment of the polymer state, the steady state viewpoint is suggested. The molecule is considered as being in an adiabatic steady state, which is a non-equilibrium one. The general approach to the molecule in such a steady state is discussed and the simple model with saturating bonds is considered. The derivation of proper model of RNA is a long-standing problem in statistical physics of models with disorder. Structural 3D motifs in RNA play an important role in the RNA stability and function. Previous studies have focused on the characterization and discovery of 3D motifs in RNA secondary and tertiary structures. However, statistical analyses of the distribution of 3D motifs along the RNA appear to be lacking. Herein, we present a novel strategy for evaluating the distribution of 3D motifs along the RNA chain and those motifs whose distributions are significantly non-random are identified. By applying it to the X-ray structure of the large ribosomal subunit from Haloarcula marismortui, helical motifs were found to cluster together along the chain and in the 3D structure, whereas the known tetraloops tend to be sequentially and spatially dispersed. That the distribution of key structural motifs such as tetraloops differ significantly from a random one suggests that our method could also be used to detect novel 3D motifs of any size in sufficiently long/large RNA structures. The motif distribution type can help in the prediction and design of 3D structures of large RNA molecules.

Our main goal is to provide tools for the analysis of protein/nucleic acids conformations based on reduced dihedral angle representation of the molecule by means of multivariate statistical analysis and get an approach for automatic construction of coarse grained statistical models of molecules. It is of great value to provide criteria of cluster’s “significance”. The question, whether one of the clusters is more important than others for group of molecules under research seems has no answer, if only conformational data is present. The difficulty is to distinguish ‘‘true’’ clusters from spurious clusters, which occur also in random data due to limited size of dataset and assign some measure estimating their nonrandom origin.  It was previously shown in (Sagsyan & Lim, 2010) that there is an approach identifying structural motifs of ribosomal RNA that are important from biological viewpoint. Thus, as shown there, the question might be resolved to some extent, by building proper null model for completely random dataset. With modern computational power it is possible to generate MD trajectories of many structures and obtain diverse conformational changes of them within short time. Therefore an analysis of MD trajectories is often a challenge and requires adequate resources and algorithms. Among such methods is a clustering approach. According to it, one computes the distance between each pair of structures (RMSD or some suitable measure) and groups together similar structures into clusters or microstates.
Other significant results of the project should be new measure of similarity applied for search on kinetic basins in MD trajectories based on dihedral angles, assignment of the significance to clusters obtained during multivariate or MD trajectories analyses and answer on the question, to what extent dihedral angles of backbone predict domain fold of the proteins. We will formulate model of random conformations of protein backbone, where dihedral angles will be taken randomly under natural constraints. Our purpose is to study possible fluctuations for generated finite set of random conformations. Due to finite number of elements in dataset some data points could cluster together because of fluctuations. Since such clusters are artifacts, our aim is designing a mechanism for excluding such artifacts from meaningful angular data analysis and estimate probability to be artifact for obtained clusters in real analysis. 
The fourth part of the project is the study of radiation effects in random systems was both for three dimensional (3D) and one dimensional randomness (1D) on lattices. 
 
Radiation is emitted  when a charged particle travels in a system with inhomogeneous dielectric constant. Emergence of radiation is explained by the scattering of electromagnetic field due to inhomogeneity.  Transition and Diffraction  radiations are well known examples of such radiation. Another type of radiation caused by the scattering of electromagnetic field is diffusive radiation. It originates upon passage of charged particles through a randomly inhomogeneous media. A charged particle creates around it electromagnetic field which we call pseudophoton. These pseudophotons are scattered on the inhomogeneites and convert into real photons. Multiple scattering of pseudophotons lead to their diffusion and this diffusion contribution to the radiation intensity in some cases turns out to be the main one. Diffusional mechanism of radiation is realized provided that  
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 are elastic and inelastic mean free paths of pseudophoton, respectively and L is the characteristic size of the system. Earlier we have considered three dimensional as well as one dimensional randomnesses. Three dimensional random dielectric constant field can be created by grain particles randomly embedded in a homogenous medium. One dimensional random inhomogeneity originates, for example, in a stack of parallel plates randomly located on one direction in vacuum or in some homogeneous medium. In the last case diffusional radiation mechanism was observed experimentally.

 We propose to investigate radiation from charged particles in  the systems with two dimensional random inhomogeneity of dielectric constant. One of the important realizations of two dimensional situation is the radiation from the charged particle travelling parallel to a rough surface. Smith-Purcell radiation (SP) is originated when a charged particle travels parallel to a plane with diffraction grating.

 Recent renewed interest in this problem is caused by different applications. Among these applications are length determination for short electron bunches, creation of monochromatic light source in the far infrared region, etc.. Various theoretical models were proposed for describing the SP, for a brief review of recent theoretical works see. Most of these models deal with the periodical grating in the strong scattering regime. However in many situations the interface over which the charge travels is rough . As an example one can mention chamber walls in storage rings. Even the best treated surfaces contain roughness. Radiation appearing when a charged particle moves near a rough surface could be useful for beam diagnostics. The influence of the surface roughness on the transition radiation (originating when particle crosses the interface between two media) was discussed the later paper. Roughness-induced radiation for a charged particle sliding over a surface was experimentally observed.
   A rough interface is a region with random fluctuations of dielectric constant that separates two homogeneous semiinfinite media. Suppose that z = 0 is the plane distorted by

the roughness. The equation of rough surface is determined as follows
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 by a metal. Usually, for convenience, h is assumed as a gaussian stochastic process characterized by two parameters 
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 is the average deviation of surface from the plane z = 0. Because of the translational invariance and isotropy the correlation function W depends on the quantity 
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Roughnesses at two points located far away from each other are uncorrelated therefore when 
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 as a distance at which correlation function is essentially decreased. Frequently Gaussian form for correlation function 
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 experimentally can be found using light scattering from rough surfaces. Depending on the degree of treatment of the surface of a metal 
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 is of order of several ten angstroms and 
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  is of order of few hundred angstroms. 

 All physical quantities should be averaged over the realizations of surface random profile h(x,y). For this goal we plan to use Green’s function method and impurity diagram technique. This technique  widely used in condensed matter and wave propagation problems turns out to be very useful in radiation problems too. Note that in framework of Green’s function method one can consider the periodical grating case too.  In this case the surface profile h(x,y) is substituted by some periodical function.  In the limit 
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-function. We have solved the radiation problem in this particular case. Such an approximation is justified for  long wavelength region  
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.  In order to include short wavelength region one needs to consider problem in general case for arbitrary correlation function.
  We plan to investigate the general case within the present project. Below we summarize main results on radiation from uncorrelated random surface. It was shown that radiation intensity can be represented as a sum of two contributions. First one is the pseudophoton single scattering contribution that is analogous to the traditional Smith-Purcell radiation. Another contribution is the multiple scattering contribution. A charged particle induce polaritons on the interface between two media. These polaritons are multiply scattered on the roughness that lead to their diffusion. This diffusional contribution to the radiation intensity turns out to be the main one provided that above mentioned conditions of multiple scattering for polaritons are fulfilled. The maximum of radiation lies at angles close to the normal to surface.

Another interesting property is that spectral intensity strongly depends on frequency 
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This is analogous to the Cherenkov radiation frequency dependence. All other radiation mechanisms such as: synchrotron, bremsstrahlung, diffraction, transition in optical region lead to weaker frequency dependence. In other hands when considering radiation from rough metallic surface Cherenkov radiation does not exist because in optical region dielectric constant of metal is negative and Cherenkov condition can not be fulfilled. This means that radiation caused by the diffusion of polaritons   easily  can be separated from the other radiation mechanisms. Therefore it can be used, for example, in accelerators for beam diagnostics. The important advantage of diffusive radiation (DR) usage is that the DR is emitted at large angles relative to the beam propagation direction. This allows realize a very simple scheme of DR detection in orthogonal direction on the opposite side of the vacuum chamber. For this purpose existing taps in vacuum chamber can be used to minimize distance between the source of radiation and detector.

  We propose to investigate how the DR from rough surfaces can be used in beam diagnostics?

   We plan to continue the researching of thermal entanglement via transfer matrix method and quantum phase transition applying Gibbs-Bogoliubov inequality approximation in the thermodynamic limit. We construct concurrence and the von Neumann entropy of spin-1/2 Ising-Heisenberg model on triangulated Kagomé lattice, He3 and organ metallic polymers. We plan to obtain thermal entanglement via negativity of the general spin-1 anisorpotic XXZ Heisenberg model with longitudinal crystal field and get negativity plateaus via nearest-neighbor exchange coupling in the anti-ferromagnetic case.

 Entanglement plays a key role in quantum phase transitions. A new line research shows a connection between the entanglement of a many-particle system and the existence of a (zero-temperature) quantum phase transition and phase separations. Entanglement with few spins often displays the general features of entanglement for spins in large thermodynamic systems. In case of spin-1/2 systems the density matrix 
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 is determined by “spin flip” transformation. The concurrence is expressed by eigenvalues of positive Hermitean matrix 
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. There was obtained the concurrence for S=1/2 spin ladder with four-spin ring exchange. 
For entanglement calculations we are going to use exact analytical diagonalization of the Hamiltonian. After getting eigenvalues and eigenstates one can use concurrence or negativity as a measure of entanglement. The concurrence corresponding to the density matrix of the pair ρ12 is defined as

C12=max{λ1-λ2-λ3-λ4, 0},

where λi's are the square roots of the eigenvalues (in descending order) of the operator 
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is the spin-flipped state, for particular case of two spin-1/2 systems it is
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After that it is possible to consider a problem completely solved, because entanglement is simple function from concurrence. But it's well known that such approach is not applied to spin-1 systems. One of the possible entanglement measures for higher spin systems is negativity. The negativity of state ρ is defined as
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This definition is possible to apply to spin-1 systems and is equivalent to
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The mean-field like theories based on the Gibbs-Bogoliubov inequality can be applied for studying thermal entanglement of many-body systems.  One can consider magnetic properties and concurrence for 
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Using Gibbs-Bogoliubov approach for spin 1/2 Heisenberg model on chain and ladder we will get

· Concurrence for kagome chain and ladder with two-, three-, and six-site exchanges 

· Concurrence for zigzag ladder with two-, three-, and four-site exchange interactions.

Using Gibbs-Bogoliubov approach for two dimensional spin 1/2 Heisenberg model we will obtain 

· Concurrence for kagome lattice with two-, and three-site exchange interactions

· Concurrence for triangular lattice with two-, three- and four-site exchange interactions.

Entanglement is usually arising from quantum correlations between separated subsystems which can not be created by local actions on each subsystem. A pure quantum state of two or more subsystems is said to be entangled if it is not a product of states of each components. On the other hand, a bipartite mixed state 
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 is said to be entangled if it can not be expressed as a convex combination of pure product states, otherwise, the state is separable or classically correlated. It had been shown that a necessary condition for separability of a bipartite system is that the matrix obtained by partially transposing the density matrix ρ is still positive.  The negativity is defined by the negative eigenvalues of 
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 denotes the partial pair-wise transpose). We study thermal entanglement via negativity for a spin-1 Heisenberg model with longitudinal crystal field.  We intend to study the following problems:

· To obtain the negativity in absence of magnetic field B and at
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 and discuss dependence of longitudinal crystal field in anti-ferromagnetic, ferromagnetic cases.

· To derive negativity in general spin-1 anisotropic XXZ Heisenberg model in the presence of magnetic field and longitudinal crystal field.

· To obtain negativity plateaus via J (nearest-neighbor exchange coupling) in anti-ferromagnetic case. 

It is possible to describe thermal entanglement on the triangulated kagomé (triangles-in-triangles) lattice. We intend to study thermal entanglement of spin-1/2 Ising-Heisenberg model: 

· To obtain the concurrence depending on pair interaction of spin-1/2 Ising-Heisenberg model on the triangulated kagomé lattice.
In real materials, interactions between spins can be anisotropic, and thus in some cases might be described by Ising couplings. On the other hand, by replacing parts or all of the generic Heisenberg interactions with Ising counterparts in the compounds, for instance in a tetramer Ising-Heisenberg bond-alternating chain, people found a class of exactly soluble models, which can also explain qualitatively thermodynamic properties of the relevant magnetic compounds. Motivated by the experimental realization and also its own theoretical interest in physics, in this project, we shall study magnetic properties Ising-Heisenberg bond-alternating model in an external magnetic field as an approximation of terphenyl.  We intend to study to obtain concurrence depending on h (magnetic field)

Theoretical research of various aspects of diamond chain physics received much attention during last years.  We consider mixed spin-1/2 and spin-1 diamond chains with Ising and Heiseberg interactions. We intend to study the following problems:

· To get the concurrence depending on h (magnetic field).
· To obtain the concurrence depending on exchange constants and temperature.
· To study the negativity of diamond chain.
We intend to obtain different magnetization plateaus on the magnetization curve in organ metallic polymers on honeycomb and diamond chains. One can expect to get the analytic expression for concurrence and negativity for the honeycomb and diamond chains using transfer matrix method and show that some of organ metal-polymer complexes are quantum geometrically frustrated. 
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