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Interstellar Dusts and their Laboratory Analog

Kinsuk Acharyya

Interstellar dust grains plays a key role in the chemical evolution of the star forming regions. In a cold dense cloud, the gaseous species condense onto the dust grains forming ice mantles. In the absence of a suitable desorption mechanism, this mantle grows until near the later stage of the star formation sequence -- when the so-called hot cores are formed – dust grains are warmed to the temperature where molecules can desorb again. Interestingly, the mantle composition does not reflect the gas phase abundances. The condensed gas phase species differ significantly in there sublimation rates and reactivities and this too differs with the types of dusts. Further complication by photochemical processing produces ice components strikingly different from that in the gas phase. Recently, attempts to simulate the interstellar environment in laboratory is made in few places around the world. In this talk I will discuss how it is done and present results of a similar study which involves interstellar CO and O2.

Teleportation via maximally and non-maximally entangled mixed states
Satyabrata Adhikari

We study the efficacy of two-qubit mixed entangled states as resources for quantum teleportation. We first consider two maximally entangled mixed states, viz., the Werner state, and a class of states introduced by Munro et al. We show that the Werner state when used as teleportation channel, gives rise to better average teleportation fidelity compared to the latter class of states for any finite value of mixedness. We then introduce a non-maximally entangled mixed state obtained as a convex combination of a two-qubit entangled mixed state and a two-qubit separable mixed state. It is shown that such a teleportation channel can outperform another non-maximally entangled channel, viz., the Werner derivative for a certain range of mixedness. Further, there exists a range of parameter values where the former state satisfies a Bell-CHSH type inequality and still performs better as a teleportation channel compared to the Werner derivative even though the latter violates the inequality
Spectra of conjugated polymer aggregates : symmetry of the dressed states  

Kinshuk Banerjee 
S.N. Bose National Centre for Basic Sciences, Block-JD, Sector-III, 
Salt Lake, Kolkata-700098.



We consider an interchain interaction model to understand the spectral properties of aggregate of a class of conjugated polymers. The dressed eigenstates are calculated for the equivalent and inequivalent chain-dimers and are symmetry classified. We have provided the Wigner function matrix to describe the quantum interference due to nonadiabaticity in the excitonic states, the energy distribution between the chains as well as the phase relation between the vibrational modes. The various disorder-induced effects on the spectra can be explained by the dimeric chains which are generally inequivalent.
A New Aspect of Quantum Gravity in 2+1 dimensions 
Rudranil Basu 


Gravity as a dynamical system in 2+1 dimensions has only finite number of global degrees of freedom and that too when space time topology is non trivial. This theory is generalised by introducing a new parameter. Spatial topology is fixed to be toric. A disjoint sector of the 4 dimensional physical phase space of the system is then quantized. The resulting Hilbert space is found to be finite dimensional, the dimensionality being given by two parameters of the theory.

SIMULATING MIGRATORY BIRD BEHAVIOR IN GEOPHYSICAL SOLUTION  
Bimalendu B. Bhattacharya, S. N. Bose National Centre for Basic Sciences, Salt Lake, Kolkata – 700 098. e-mail: bimalendu@bose.res.in
Shalivahan, Department of Applied Geophysics, Indian School of Mines University, Dhanbad – 826 004. e-mail: svismagp@yahoo.co.in
R. K. Shaw, Reservoir Seismic Services, Data and Consultancy Services, Navi M umbai – 400 705. e-mail: rshaw@bombay.oilfield.slb.com

The social behavior observed in a flock of birds and also in insects searching food has been simulated to develop a global optimization strategy popularly known as the Particle Swarm Optimization (PSO). It emulates the social behaviours in a flock of birds (swarm) in solving an optimization problem. It utilizes both local and global properties of the swarm to formulate a novel search strategy that guides the swarm towards the best solution with constant updating of the cognitive and social knowledge of the particles in the swarm.

The synchrony observed in flocking of birds- the V-shaped flight pattern- is the result of an effort of the flock to optimize the inter-bird distance and maximize the energy saving in flight formation. PSO has a memory component for each particle in the swarm so that both the cognitive and social knowledge of the particles are used simultaneously in deciding the excursion of the solution in the model space. The individual knowledge of a bird drives it towards the best location already known, its social knowledge allows flying towards a better location searched by other birds in the flock.

We applied PSO to delineate deep crustal structure using natural source Magnetotelluric (MT) data in the frequency range of 320 Hz to 0.00055 Hz. To evaluate the applicability of PSO, we inverted a set of synthetic MT data, using both noise free and noise corrupted data set, over a typical continental crust and data from two field areas of Chhotanagpur Gneissic Complex (CGC) and Bakreswar geothermal regime. Inversion of the synthetic data shows that a good solution can be obtained with a swarm of 30 particles for less than 600 iterations. Inversion of the field data has revealed a 16 km thick conducting layer at a depth of around 15 km. The model parameters are resolved satisfactorily. The time required to execute a PSO algorithm is comparable to that of a genetic algorithm (GA). Similarly, the models estimated from PSO and GA is close to the true solutions. 

Spinor and scalar emission from 5-d Godel black hole

Sourav Bhattacharya and Anirban Saha

We study spinor and scalar emission from 5-d Godel black hole via semiclassical tunnelling approach. Ignoring the back reaction of the matter field we calculate the emission probability in the zeroth order approximation of the semiclassical theory. The Hawking temperature is found to be proportional to the surface gravity of the event horizon.
Electronic structure of Ni2+xMn1-xGa Heusler alloy

Chhayabrita Biswas

Heusler alloys are ternary, magnetic, intermetallic alloys defined by the generic formula X2YZ with X=Ni, Co, Cu, Pd, etc, Y=Mn, Ti, Hf, Zr, etc and Z=Ga, Al, Sn, In, Sb, etc. Ni2+xMn1-xGa is a ferromagnetic Heusler alloy, which is of interest because both the parent as well as off-stoichiometric composition exhibit shape memory effect (SME). The SME can be driven by the magnetic field in this case, which is faster and more efficient than that driven by temperature or stress. In Mn based Heusler alloys (X2MnY), the magnetic moment is mainly localized on Mn. RKKY type indirect exchange interaction gives rise to magnetism in this material. The properties of Ni2+xMn1-xGa are very sensitive to composition. For x=0, the martensitic start temperature (Ms) is reported to be 202K and Curie temperature (TC) is reported to be 376K. The substitution of Ni at Mn sites increases Ms and decreases the TC.  Around x=0.18 Ms and TC have been reported to merge around 330K. The austenite to martensite transition involves a structural transition. In the austenitic phase, Ni2+xMn1-xGa has a cubic L21 structure with a=5.825Å (Fm-3m space group). In the martensitic phase, the basic structure is tetragonal with lattice constant a=5.92 Å and c=5.56 Å (Fmmm space group) with weak modulation. 

Here I present the electronic structure of Ni2+xMn1-xGa (x=0, 0.1, 0.2) as a function of Ni doping.  The valance band (VB) spectra of Ni2+xMn1-xGa are dominated by the Ni 3d-Mn 3d states and are in good agreement with theory. The density of states (DOS) was calculated by FPLAPW method using WIEN97 code. The x-ray photoelectron spectroscopy (XPS) difference spectrum between x=0 and x=0.2 shows a feature at 0.6 eV that agrees with the Ni metal 3d states. The experimental ultraviolet photoelectron spectroscopy (UPS) difference spectrum between x=0.2 and 0 also shows extra states in the former around 0.65 eV. These extra states are related to bonding between doped Ni at Mn position and Ni atoms at Ni position. The Ga 4s,p states are observed at 7.7 eV BE in the XPS VB. A satellite feature is observed in Ni 2p core-level whose origin is similar to that in Ni metal. It is found that the band width (W=5.3 eV) is smaller than the core hole-3d Coulomb interaction (Udc=5.9 eV), which is the reason for appearance of the satellite feature. The Mn 3s exchange splitting decreases with x, which indicates decrease in Mn magnetic moment with Ni doping. The line-shape of Mn 2p is asymmetric due to the presence of exchange splitting that is not resolved. A clean Ni2.1Mn0.9Ga surface with bulk composition could be obtained by sputtering and annealing. The surface becomes Ni rich by sputtering and the bulk composition can be regained by annealing, which compensates the Mn loss due to sputtering. The signature of change in electronic structure with sputtering and annealing is shown by the change in VB spectra.
Dynamics of Electrolyte Solutions and Dipolar Room Temperature Ionic Liquids: Can There be a Common Theory?  
Ranjit Biswas and Hemant K. Kashyap

Chemical, Biological and Macromolecular Sciences, S. N. Bose National Centre for Basic Sciences, JD Block, Sector III, Salt Lake, Kolkata 700 098

Recently we have developed a molecular theory for studying solvation dynamics in dipolar room temperature ionic liquids (RTIL). The theory, which takes into account the solute-solvent dipolar interactions and ion-solute interactions while calculating the solvent reorganization energy, indicates that approximately half of the total observed dynamics is originating from the ion-solute interactions in these complex systems. This, we believe, is the reason for the break-down of the continuum model description of dynamics in RTILs. However, when only the dipolar part of the dynamics is considered, the present theory in the correct limit produces semi-quantitative agreement with the continuum model prediction of the dynamics. The same theory, when used after minor modification to calculate the time resolved Stokes’ shift for electrolyte solutions in single component polar liquids and binary polar mixtures, has been found to generate semi-quantitative agreement with our own experimental data. In this talk, a part of these results will be presented and scope for further development discussed.

A k-essence model of inflation, dark matter and dark energy  


Nilok Bose and A. S. Majumdar


We first show that using a purely kinetic k-essence model the late time energy density of the universe cannot be expressed exactly as the sum of a cosmological constant and a dark matter term. We then present a k-essence model in which the Lagrangian contains a potential for the scalar field as well as a non-canonical kinetic term. We show that such a model reproduces the basic features of inflation in the early universe, and also gives rise to dark matter and dark energy at appropriate subsequent stages. Observational constraints on this model are also obtained. 

Reduction of graphitization temperature of electrospun poly(acrylonitrile) 
based carbon fiber by MWCNT incorporation and its use as EMI shield

K.Chakrabarti 
Polyacrylonitrile (PAN)-based fibers, embedded with multi-wall carbon nanotubes (MWCNT) in different concentrations, have been prepared by an electrospinning technique. The samples were subjected to oxidative stabilization and then, subsequently, carbonization and graphtization of the 
fibers were accomplished by heat treatment at various temperatures from 1000 to 3000 degree centigrade. Scanning electron microscopy, transmission electron microscopy, X-ray diffraction, and Raman spectroscopy were used to investigate the samples. Above investigations show that graphite fibers with high crystallinity and with lattice constant nearly equal to that of HOPG can be prepared at a temperature of 2000 degree centigrade, with a small percentage (~ 5 wt%) of MWCNT embedded into it. It may be noted that this is a reduction of graphitization temperature by 1000 degree centigrade from the conventional graphitization temperature of 3000 degree centigrade for the preparation of high quality graphite fiber without the addition of any metallic catalyst. 

These fibers were used to make CNF-Polyacrylate composite films to study the electromagnetic shielding effectiveness. It was found that for same amount of loading the sample that contain 5 wt% CNT shows much better shielding effectiveness. A nearly 20 dB shielding is possible with 10% PAN based graphite fiber (with 5 wt% MWCNT) and polyacrylate composite film. This is up to the standard of commercial needs. It is expected that these results will pave a new way for the synthesis of 
graphite fiber at a significantly lower temperature.
Potential of mean force between DNA and Protein: A model study
J. Chakrabarti

The free energy landscape that a protein experiences in DNA binding is important to understand the kinetics of the binding process. Here we consider a worm-like chain model for DNA with finite bending constant. The protein is considered to be a spherical ball (P) diffusing around the chain. The beads of the chain have electrostatic screened Coulomb interaction with the protein ball. There is a specific site (S) which has in addition long ranged angle averaged interaction. We update the chain by Monte Carlo and the P by Brownian dynamics. We compute the potential of mean force (pmf) from the distribution of distances between S and P. The  pmf shows a funnel structure with secondary minima.

The details nature of the pmf depends on the elastic modulus of the chain. We discuss the biological relevance of these results.
A review of my research activities in 2008-2009

       Sandip K. Chakrabarti       
I review the scientific activities in which I took part in 2009. This includes theoretical work on quasi-periodic oscillations of black holes, studies of zone plates for RT-2 payloads, ionospheric studies by very low frequency electromagnetic waves etc.

Entanglement in a Noncommutative Quantum system

Biswajit Chakraborty

First of all I provide a brief review of Noncommutative spacetime and indicate how it can have a highly nontrivial consequences on the physics of a system in the Planck regime. As an example, we show how it can impact the entanglement properties of a bi-partite bosonic system.
Modified Kolmogorov Law for Rotating Turbulence and Related Studies

S. Chakraborty

We derive an expression for two-point third-order velocity structure function for the slowly rotating turbulence. We predict wavenumber dependence of the turbulent energy spectrum for the same system; and using intuitive arguments, we extend the prediction for rapidly rotating turbulence. For such a system, literature shows a possibility of the exponent of wavenumber in the energy spectrum’s relation to lie between -2 and -3.We argue the existence of a stricter range of -2 to -7/3 for the exponent in the case of rapidly rotating turbulence which is in accordance with the recent experiments. Consequent studies enable us to give a reason for the inverse energy cascade in the "two-dimensionalised" rapidly rotating three dimensional incompressible turbulence. Moreover, using the Gledzer-Ohkitani-Yamada (GOY) shell model, modified for rotation, these signatures of two-dimensionalisation effect have been verified.
Dualization and confinement in SU(2) gauge theory 

Chandrasekhar Chatterjee  and Amitabha Lahiri

Quark confinement is a long standing problem in theoretical physics.One solution of the problem is to have color flux tubes between quarks such that the force between quarks become constant. Here I shall talk about confinement of magnetic quarks in SU(2) color gauge theory where SU(2) symmetry is broken down to U(1). Here it will be shown that if magnetic quarks and flux tubes are both present then confinement can be seen by dualizing the theory. The dual theory is nothing but a dual string theory where the magnetic quarks are attached at the end of the strings. 
Site preference of cations in fe-mg silicate structures 
               Swastika Chatterjee 1, Surajit Sengupta2 , Tanusri Saha-Dasgupta1
1 Department of Material Sciences, S.N. Bose National Centre for Basic Sciences,

JD-III, Salt Lake City, Kolkata 700 098, India

2 Centre for Advanced Materials, Indian Association for the Cultivation of Science,

Jadavpur, Kolkata 700 032, India.

Koustav Chatterjee, Nibir Mandal

Indian Institute of Science Education and Research, IIT Kharagpur Extension Centre,

Block-HC, Sector-III, Salt Lake City, Kolkata 700106, India

Silicate minerals are the building blocks of our earth. Out of a wide variety of silicate minerals, Olivine(M2SiO4 ) and pyroxene (M2(SiO3)2)  (where M stands for metal cations) are the predominant mineral phase present  in the earth's upper mantle.The basic structural units in both olivine and pyroxene are the same . They consist of Si-O tetrahedron and metal-oxygen octahedron. These octahedral units are further of two types M1 and M2. The M1 octahedron is comparatively more regular and smaller and M2 octahedron is more distorted and larger.

A problem of great geological importance is the nature of site preference of Fe-Mg in orthorhombic olivine and pyroxene. At a given temperature, Fe and Mg cations are partitioned into the two octahedral sites M1 and M2 with varying proportions. The study of intra-crystalline partitioning of Fe and Mg into the two octahedral sites can greatly help in thermodynamic modeling of earth's  mantle and also in understanding planetary processes. It is an experimentally established fact that at room temperatures Fe prefers to occupy M2 site in pyroxene, resulting in enrichment of Mg in M1 site. But in the case of olivine there have been conflicting reports regarding site preference of Fe and Mg into the two inequivalent octahedral sites M1 and M2.

Here in this present work we have conducted extensive studies based on first principles electronic structure calculations to resolve the nature of Fe-Mg distribution in olivine. We have used pyroxene as a benchmark to justify and establish our methodology, for which the site preference of Fe has been definitely established experimentally. 

Our T=0K study[1] indicates a strong preference for Fe to occupy M2 site in case of pyroxene as expected and a preference for Fe to occupy M1 site in case of olivine. We provide the microscopic understanding of our findings in terms of density of states and charge density.

[1] Swastika Chatterjee, Surajit Sengupta, Tanusri Saha-Dasgupta, Koustav Chatterjee, Nibir Mandal, PRB 79, 115103 (2009)

Synthesis   of   Bismuth  Ferrite nanoparticles  with  various   Morphologies

Arka   Chaudhuri  and  Kalyan  Mandal

Department  of  Material  Science, SNBNCBS
Bismuth  Ferrites  a large  family  of  perovskite  type  compounds  have  recently drawn much interest due to their  physical properties and  technological  applications. They  also  belong  to  an  unique  class  of   compounds  showing  both  ferroelectricity  and ferromagnetic  order  called  multiferroic. The  phenomenon of  simultaneous  ferroelectric  and  magnetic  order  presents  not only  opportunities  to  study fundamental physics but  also  potential  applications  in information storage, spintronics and  sensors.We  have  prepared  Bismuth  Ferrite  particles  by  the  hydrothermal  technique. So  far  we  have  been  successful  in  preparing  two  different  shapes  cube and  spindle  respectively   by  changing  various  parameters. We  have  characterized  the  samples  by  X Ray  Diffraction , Scanning  Electron  Microscope  and  Vibrating  Sample  Magnetometer.
Do binary nanocrystals with only one type of atoms on the surface form? 


Roby Cherian and Priya Mahadevan
As the size of materials is decreased and one enters into the regime of dimensions in nanometers, one finds significantly different properties than in the bulk. The strong dependence of physical properties on size, found especially in semiconductors has significant technological implications and this coupled with the ease of fabrication and processing makes this class of materials promising building blocks for materials with designed functions [1]. 

In this work [2] we examine two limiting scenarios of binary nanoparticle growth and determine the extent of control that can be achieved on the surface stoichiometry and the consequences. Passivated binary nanocrystals with only one kind of atoms are found to be favored under certain conditions. These are important from a technological point of view for maximizing optical efficiency [3].  We find theoretically using ab-initio electronic structure calculations that under cation-rich conditions during growth nanocrystals with cations at the surface may be favoured over perfectly stoichiometric nanocrystals with both types of atoms at the surface. This unusual stability of the cation-terminated nanocrystals may be traced back to strong interactions of the cation with the passivant molecule. These studies indicate that in addition to the conventional role of saturating dangling bond states and arresting growth, passivant molecules may also change the surface structure favoured during growth in some cases. 

[1]. A. P. Alivisatos, Science, 271, 933-937, (1996); Y. Cui, Q. Wei, H. Park and C.M. Lieber, Science., 293, 1289-1292, (2001). 
[2]. R. Cherian and P. Mahadevan, (submitted). 
[3]. J. Jasiniak and P. Mulvaney, J. Amer. Chem. Soc., 129, 2841-2848, (2007)

Electronic structure, phonons and the magnetism dependent electro-structural coupling in ferromagnetic insulating double-perovskite La2NiMnO6   
Hena Das1 , Umesh V. Waghmare2, T. Saha-Dasgupta1,  and D. D. Sarma3

                         1  S.N. Bose National Centre for Basic Sciences, Kolkata 700098, India

           2  Jawaharlal Nehru Centre for Advanced Scientific Research, Jakkur, Bangalore-560 064, India

3  Solid State and Structural Chemistry Unit, Indian Institute of Science, Bangalore-560012, India

Using first-principles density functional calculations, we study the electronic and magnetic properties of ferromagnetic insulating double-perovskite compound La2NiMnO6 , which has been reported to exhibit interesting magnetic field sensitive dielectric anomaly as a function of temperature. Our study reveals existence of very soft infra-red active phonons that couple strongly with spins at the Ni and Mn sites through modification of the super-exchange interaction. We suggest that these modes are the origin for observed dielectric anomaly in La2NiMnO6[1]. We also determine and analyze[2] the Born effective charges, Z* that describe the coupling between electric field and atomic   displacements for La2NiMnO6. We find that the Born effective charge matrix of Ni in La2NiMnO6, has an anomalously large antisymmetric component, whose magnitude reduces substantially upon change in the magnetic ordering between Ni and Mn, showing it to be a magnetism dependent electro-structural coupling. We use a local picture of the electronic structure obtained with Wannier functions to determine its electronic origin.

[1] Hena  Das, U. V. Waghmare, T. Saha-Dasgupta, D. D. Sarma, Phys. Rev. Lett 100, 186402 (2008)

[2] Hena Das, U. V. Waghmare, T. Saha-Dasgupta, D. D. Sarma, Phys. Rev. B (in press)
The origin of plasticity in solids and fracture 

Tamoghna K. Das and Surajit Sengupta


Most solids, when strained beyond a so-called yield-point, begin to flow plastically. While there has been an enormous amount of work in this area, the fundamentals of plasticity are still rather poorly understood. Using the language of Langer and co-workers as introduced in their recent work on the mechanical behaviour of glasses, we investigate this question for the well studied system of particles interacting by the Lennard Jones potential in two dimensions. A quantity \chi which measures the error involved in describing instantaneous and local fluctuations of clusters of atoms in the crystalline solid by elastic or affine transformations of a suitably chosen reference lattice, is used to measure plasticity. We show that (a) the average value of \chi appears to diverge below a certain density which may be identified with the limit of stability of the liquid state within the solid. (b) The classification of clusters of particles (random fluctuations) as "elastic" and "plastic" based on their value of \chi yields distinctly different metastable "equations of state" (EOS). The EOS corresponding to clusters with small or typical values of \chi is close to the bulk solid EOS while those with \chi much larger than typical value yeilds an EOS which corresponds to a much higher local temperature and close to that of the metastable liquid. We therefore identify these fluctuating islands of plasticity within a crystalline solid as rare but quantifiable "droplet" fluctuations of the liquid within the solid.  

Molecular Dynamics Simulation of Viscosity in Model Polar Systems:

Contribution of Dipole-Dipole and Lennard-Jones (LJ) Interactions 

Snehasis Daschakraborty and Ranjit Biswas

Chemical, Biological and Macromolecular Sciences, S. N. Bose National Centre for Basic Sciences, JD Block, Sector III, Salt Lake, Kolkata 700 098

Molecular Dynamics simulations have been performed for model LJ and Stockmayer (SM) fluids in order to study the effects of polar (dipole-dipole) interactions on bulk and shear viscosities of these fluids. Subsequent analyses of our simulated data reveal that both bulk and shear viscosities increase with increase of polarity of SM fluids. Simulated diffusion coefficient also decreases as the solvent structure becomes more organized in presence of polar interactions. The first peak of the radial distribution function (g(r)), on the other hand, remains almost insensitive to the change in polarity of the model fluid. These results and the microscopic origin of the observed polarity dependence will be discussed in this talk. 
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Asymmetric Pairing in a Two-Species Fermionic System

Raka Dasgupta

We have studied asymmetric pairing in a two-species fermionic system in the presence of Feshbach resonance, where two types of fermions combine to form a boson molecule. We have shown that depending on whether the bosonic chemical potential is greater (smaller) than the threshold energy of the composite bose particles, the BCS gap is decreased (increased). It follows that the critical temperature of the system, too, can be lowered/ raised by adjusting the Feshbach terms. We have also explored the possibility of having a state with gapless excitations, i.e., the Sarma phase, and obtained the stability criteria of such a phase for the two-species system. Considering the BCS-BEC crossover picture, we have identified the regime where these stability criteria are fulfilled.
Electronic Structure of La2CuO4 in T and T -prime structure: A NMTO+DMFT study   

Hena Das and T. Saha-Dasgupta

Using N-th order muffin-tin-orbital-based downfolding technique in combination with dynamical mean field theory, we investigate [1] the correlated electronic structure of La2CuO4 in the so-called ``T'' and ``T-prime  crystal structure which serve as the parent compounds for the hole-doped and electron-doped high Tc compounds. La2CuO4, which naturally form in ``T'' structure, has been reported to made to form in ``T-prime '' structure by means of special thin film synthesis technique of replacing La by isovalent RE (RE= Y, Lu, Sm, Gd ....) ions [A. Tsukada  et. al. Solid State Commun. 133 427 (2005)]. The experimental studies  on T-prime structured  La2CuO4  reveal contrasting properties to that in T structure, which we examine by means of electronic structure calculations. Our dynamical mean field calculations show introduction of correlation effect to the one-electron band-structure of T-prime and T structured La2CuO4, provides metallic solution in one case ( Tprime ) and insulating solution to another (T) at a finite temperature.  This implies higher coherence temperature and therefore more metallic character of the ``T-prime '' structure compared to T structure.

[1] Hena Das and T. Saha-Dasgupta, Phys. Rev. B (under process)

Scattering phase shift and its importance. 

P. Singha Deo 

Recently it has been possible to measure the scattering phase shift in mesoscopic systems. Implications and consequences will be discussed in the light of our own works.       
An augmented space recursion study of the effect of disorder on superconductivity.

Shreemoyee Ganguly

We present a real-space approach to study the effect of disorder on superconductivity. The method is based on augmented space formalism that goes beyond mean-field approximations for configuration averaging and effectively deals with the influence of configuration fluctuations of the neighbourood of an atom. In the regime of validity of Anderson's theorem our results for s- and d-wave dirty superconductors has excellent agreement with existing results. The formalism  is  extended and tested for random negative  U Hubbard model. Having verified the reliability of our method we use it to study environment dependent, inhomogeneous randomness in disordered superconducting systems.
Solvation and Rotational Dynamics in Electrolyte Solutions of Binary Polar Solvent Mixtures  
Harun Al Rasid Gazi & Ranjit Biswas

Chemical, Biological and Macromolecular Sciences, S. N. Bose National Centre for Basic Sciences, JD Block, Sector III, Salt Lake, Kolkata 700 098
Steady state and time resolved spectroscopic studies have been performed in two types of solvent mixtures - moderately and strongly polar binary mixtures - in presence and absence of electrolyte in order to investigate how electrolyte-probe interaction modify the local solvation structure. The time resolved Stokes’ shifts in these mixtures at a given electrolyte concentration have been found to increase upon increasing the mole fraction of the less polar solvent component. This can be explained by the similar mole fraction dependence of the inverse Debye screening length. In addition, our analyses suggest that ~50-60% of the total solvent response has been missed due to limited time resolution employed in our experiments. Addition of electrolyte increases the relative weight of the faster component due to contributions from the rotational motions of the ion-pairs that may have formed at finite electrolyte concentrations. This leads to a missing of even larger fraction of the total dynamics, even though the long time part slowed down significantly.  The anisotropy decay have been found to be biexponential function of time in moderately polar mixture both in presence and absence of electrolyte but stretched exponential for strongly polar solvent mixture in presence of electrolyte. The experimental rotational time can be explained by the well known Stokes-Einstein-Debye (SED) relation in the limit of spherical solute and stick boundary condition for all mixtures. When the solute shape is accounted for and solute-solvent coupling parameter is estimated from experiments by using Dote-Kivelson-Schwartz (DKS) scheme, SED underestimates the rotation times. However incorporation of the local solvent structure via steady state Stokes’ shift is found to provide a semi-quantitative agreement with experimental data.
Frequency dependence of dielectric anomaly around Neel temperature

in bilayer manganite Pr(Sr0.1Ca0.9)2Mn2O7
Barnali Ghosh and A.K. Raychaudhuri

Department of Materials Science, S.N. Bose National Center for Basic Sciences, Kolkata 700098.

We have observed a novel frequency dependence of dielectric anomaly around magnetic transition point (i.e. near Neel temperature TN) in a single crystal of bilayer manganite Pr(Sr0.1Ca0.9)2Mn2O7 system. The anomaly in the permittivity (ε′║c) occurs at a temperature Tƒ which moves within a temperature window (ΔTƒ) of ~40 K around TN for a frequency range 50 kHz – 5 MHz. The capacitive component Cp of the dielectric response exhibits a clear yet broad feature over ~ΔTƒ around TN which establishes the intrinsic capacitive nature of the anomaly. There is a sizable dielectric relaxation process near TN, which exhibits an activated behavior and strongly non-Debye nature at or below TN while becoming Debye like at higher temperature. We also observed magneto-dielectric effect measured in a field of 3T shows large frequency dependence and reaches a maximum (~25%) near TN at a measurement frequency of 1 kHz. Change in frequency leads to a change in the sign of the effect.

Monte-Carlo Simulations of Thermal Comptonization Process in a Two Component   Accretion Flow Around a Black Hole: spectral change due to the presence of the outflow
H. Ghosh*,  S. K. Garain†, Kinsuk Giri$ and Sandip K. Chakrabarti‡
S. N. Bose National Centre for Basic Sciences, Salt Lake, Kolkata-700098, India.

We compute the effects of thermal Comptonization of soft photons emitted from a Keplerian disk around a black hole by the post-shock region of a sub-Keplerian flow, known as the CENtrifugal pressure dominated BOundary Layer (CENBOL). We show that the spectral state transitions of black hole candidates can be explained either by varying the outer boundary of the CENBOL, which also happens to be the inner edge of the Keplerian disk, or by changing the central density of the CENBOL which is governed by the rate of the sub-Keplerian flow. We study the change in the spectrum in presence of an outflow and conclude that the increase of the accretion rate of the inflowing matter makes the spectrum harder, also if the percentage of matter being carried away by the jet increases the spectrum becomes harder. We also find that the effect of the inflowing matter on the net output spectrum is much more dominant than the diverging outflow. We confirm the conclusions of the previous theoretical studies that the interplay between the intensity of the soft photons emitted by the Keplerian flow and the optical depth and electron temperature of the Comptonizing cloud is responsible for the state transitions in a black hole.

Strain driven magnetism in LaCoO3 thin films

Kapil Gupta and Priya Mahadevan
Spin, orbital and lattice degrees of freedom empowers transition metal oxide to exhibitmany of novel properties. LaCoO3(LCO) shows interesting temperature dependent properties, and is aimed to modify them externally. Recent interests have grown on controlling and modifying properties with external parameters like strain and electric field etc. substrate strain is found to be useful parameter to control the magnetism in LCO overlayers. More recently LCO films have grown on piezoelectric substrates and electric field has been used to modify the substrate lattice constants and therefore the strain and the

consequent magnetism. Bulk LCO is found to be insulator with ground state configuration t2g6eg0 on Co, which undergoes a spin state transition as a function of temperature. The nature of the transition, however is not very clear and still a subject of debate whether it is a low to high spin state transition or one to an intermediate spin state. Recently D. Fuchs et al have grown thin films of LCO on different substrates. Ferromagnetism has been found with a Curie temperature of 85 K on (LaAlO3)0.3
(SrAlTaO6)0.7 (LSAT) substrate, in addition to a strain dependent Tc. The origin of the ferromagnetism is however not clear, with a significant role played by the rotation of the CoO6 octahedra being offered as one of the reasons. To address this issue we have studied[1] the electronic structure of epitaxial films of LaCoO3 within first principles electronic structure calculations. A spin state transition is found to take place as a function of lattice strain which freezes in the intermediate spin state for nonzero strain. In contrast to earlier speculations this is found to arise from substrate strain alone and angle variations are small. The intermediate spin state also stabilizes ferromagnetism in the ground state. The anomalous temperature dependence of the Xray absorption spectra for films of LCO on LCO and its absence in films of LCO on LSAT is also explained.

[1]. Kapil Gupta and Priya Mahadevan, Phy. Rev. B, Rapid Comm. 79, 020406 (2009).
Low temperature electrical Transport in ferromagnetic Ni Nanowires

M. Venkata Kamalakar and A. K. Raychaudhuri

We report the electrical transport properties of arrays of nickel nanowires (diameters ranging from 55 nm to 13 nm) fabricated by electrodeposition into the cylindrical pores of anodic alumina membranes. X-ray and Transmission Electron Microscope based characterization ensured single-crystalline nature of the nanowires. We have measured the resistance of the Nickel nanowires in the temperature range 3 K to 300 K with the specific aim to probe the effect of size reduction on the temperature dependence of resistivity. As the lateral dimension decreases, deviations from the bulk resistivity are observed. Our work reveals intrinsic differences in the transport mechanisms taking place in these wires when the diameter of the wires is brought down from bulk to nano regime. The resistance data has been analyzed using the Bloch-Wilson function and the Debye temperature (ϴR) was calculated from the fits. The Debye temperature showed a systematic decrease with decrease in diameter, which we note is a trend in other FCC metals like Ag and Cu. We observed an increase in the residual resistivity as the diameter decreases due to surface scattering. We further observe a strong suppression in the spin wave contribution to the resistivity of the magnetic nanowires as the diameter is decreased. We discuss the likely causes for these changes.
Preparation and Characterization of d.c. Sputtered  CoNiAl alloy thin-films

B.Rajini Kanth1, D.Bhattacharjya2, Sandeep Agarwal1, Syamanta Kumar Goswamy

 and P.K. Mukhopadhyay1
1LCMP, Department of Materials Sciences, S.N.Bose National Centre for Basic Scinces, Kolkata 700 098

2M.S.University of Baroda, Faculty of Technology and Engineering, Baroda

Ferromagnetic Shapememory Alloys (FSMAs) shows large Magnetic Field Induced Strain (MFIS) and have attracted considerable attention as they can be used for the sensors and actuators applications. CoNiAl alloys were promising FSMAs because of their higher ductility and large range of control over the magnetic and structural transformation temperatures. In view of these points CoNiAl alloy thin films were deposited by d.c. sputtering method on glass and Si wafer substrates (kept at room temperature) under various conditions. The samples were annealed in vacuum at 500C for 1h. The samples were characterized by XRD, SEM, EDAX and Ellipsometry. The properties of the as-deposited and annealed films were then compared and will be reported here. 
                     Connecting anomaly and tunneling mechanisms through chirality 
Bibhas Ranjan Majhi and Rabin Banejee

 

The role of chirality is discussed in unifying the anomaly and tunneling formalisms for deriving the Hawking effect.

Hall effect in a planar array of Ni-nanocrystals sandwiched between conducting TiN  on Sapphire
A. K. Majumdar
High-resolution Hall data in only 3.5 micrograms of Ni nanocrystals, grown in a planar array on TiN, will be reported. We conclude from the exponent, n ~ 1.06 ( 0.01 in Rs ~ ρn, where Rs = extraordinary Hall constant and ρ = Ohmic resistivity, that the side-jump mechanism could still be operative if the nanocrystals are below a certain critical size and the mean free path of the electrons is strongly temperature dependent only in the magnetic layer. Also, the 1000 times larger value of Rs than that in bulk Ni makes it an ideal candidate for magnetic sensors.
Synthesis and characterization of various magnetic nanoparticles and their engineering for applicability in different fields

M. Mandal, B. Das, D. Pal, A. Chaudhuri, K. Mandal

Now a day’s magnetic nanoparticles are of immense interest because of their use in many fields like biology, medical science, electronics and various industries. Magnetic nanoparticles of high coercivity with small grain size are useful for high-density storage media as well as in the manufacturing of magnetic particles with biological molecules like DNA which can do many kinds of marvelous things carrying all the signatures in it. So proper engineering with such system having the property of magnetic as well as optical, have possible applications in brain research, neuro-computation, prosthetics, biosensors, bio-machines etc. For these we need to understand how DNA works with attachment of tiny magnetic and optical materials or nanoparticles. Magnetic nanoparticles attached with conducting polymer also have great potentiality. Therefore, we have synthesized many kinds of magnetic nanoparticles and have attached them with conducting polymer, DNA and some other biocompatible organic molecule to understand their behaviour and properties.

We have prepared CoPt alloy nanoparticles of different composition and investigated their magnetic properties before and after annealing the samples. The micellear technique was used to synthesize the particles of various compositions to study their properties. The as made particles are FCC in structure with soft magnetic properties. After annealing close to 50:50 composition of Co and Pt in CoPt alloy shows very promising results in magnetic property among the particles of other compositions. Due to their large magnetocrystalline anisotropy, equiatomic CoPt alloys, with the L10 structure, are the suitable materials candidates for high density recording media and CoPt with other compositions having FCC phase are suitable for hyperthermia therapy due to their soft magnetic character. An annealing treatment at about 850oC is crucial to transform the phase into the L10 phase for 50:50 composition, which shows hard magnetic properties. We have prepared DNA templated chain like conducting, optical, magnetic AuNi nanocomposites which possibly will have potentiality in the use of biomedical device in near future. We have prepared conducting polymer coated ferrite nanoparticles also and studied doping effect of Mg in the ferrite nanoparticles. We are trying to develop alumina membrane of controlled pore size to synthesize nanowire of controlled diameter.

Irreducible SU(3) Schwinger Bosons
Manu Mathur
By defining Irreducible Schwinger bosons, we are able to develop simple computational techniques which make SU(3) representations as simple as SU(2). These new Schwinger  oscillators satisfy certain Sp(2,R) constraints and solve the SU(3) multiplicity problem as well. The techniques can also be generalized to any SU(N).
A cognitive approach to number partitioning 

Anita Mehta 

I will describe some of the ways in which number partitioning can be performed by the computer, with an account of some investigations for the possible rationales behind this.

Exact differential and corrections to BTZ black hole entropy using tunneling method
 

 Sujay K. Modak


We argue that entropy ($S$) of a stationary black hole is a state function, therefore, $dS$ must be an exact differential. Using this property we calculate semiclassical Bekenstein-Hawking entropy/area law for the BTZ black hole. To find the corrections to the semiclassical Bekenstein-Hawking entropy/area law we first calculate corrected Hawking temperature using tunneling method.  The well known logarithmic term as the leading order correction to Bekenstein-Hawking entropy/area law is reproduced and higher order terms are inverse powers of horizon area.
Study of systems without lattice translation symmetry
Abhijit Mookerjee

I shall describe the work we are carrying out on systems without long-ranged lattice translation symmetry. These will include finite clusters as well as disordered alloys with and without short-ranged ordering and clustering tendencies.  

For the former, we  have studied a series of  metallic and bi-metallic clusters with one or both component showing magnetic moments.  We have studied how such alloying affects the local magnetic moment in such clusters. We have also studied doped ZnO and MnO clusters, with proper doing and co-doping leading to stabilization of ferromagnetism in such clusters.

For bulk alloys, we have extended our augmented-space  recursion formalism to  include the effects of sub-lattice disorder and partial disorder due to non-stoichiometry, short-ranged ordering and cluserting. In collaboration with the group at Uppsala University we have now developed a ASR code for non-collinear magnetism.  

Part of our work has been the generalization of the standard density functional theory to extend it to excited states as well as the use of density matrices instead of densities to describe non-collinear magnetism.  Recently we have been applying the Harbola-Sahni orbital dependent exchange-correlation to study semi-conductors and insulators.

Our group has been refining the ASR codes : parallelizing them and including the generalizations described above. The aim would be to produce a use friendly package of use to people studying disodered materials.
Frequency dependent enhancement of heat transport in nanofluid with ZnO nanoparticles 

Rajesh Kumar Neogy and A. K. Raychaudhuri

In recent years nanofluids (dispersion of nanoparticles in liquids) have attracted attention because of the observation of large thermal conductivity. We report observation of an unusual frequency dependent enhancement of the heat transport parameter (Cpκ, Cp=heat capacity and κ=thermal conductivity) of a new nanofluid containing ZnO nanoparticles of average size of 10nm (volume fraction ≤ 1.5%) in ethanol. The enhancement of Cpκ is substantial and shows a strong dependence on the measuring frequency. The effects are maximum in the low frequency limit and it decreases as the frequency is increased. The enhancement also depends on the temperature and also scales with the concentration of ZnO. These measurements throw lights into the basic origin that leads to enhancement of the thermal conductivity. These measurements were carried out using a dynamic thermal measurement technique called 3ω technique. The presentation will also briefly describe the technique.
Magnetocaloric effect and Magneto-Transport Properties of Nickel-Rich Ni-Mn-Ga Heusler Alloys

D. Pal and K. Mandal

Heusler alloys with nickel rich nominal composition Ni2+xMn1-xGa (x = 0.16 - 0.26) were prepared by arc-melting and subsequent homogenization by annealing. A large magnetic entropy change around room temperature was observed in the alloy where martensite-austenite structural and ferro-para magnetic transition temperatures almost coincide with each other. Electrical resistivity, ( of those samples has been measured up to a magnetic field of 8T and within a temperature range from 4.2 to 300 K. At lower temperatures, (4K-70K) thermal variation of ((T) has -(T dependent term coming from electron-electron interaction and an s-d interaction term (BT2). At higher temperature region (up to ~280K), ((T) is interpreted in terms of electron-phonon and s-d interaction. A substantial jump in resistivity has been observed while the intermartensitic transformation takes place. A high negative magnetoresistance (~8() has been observed at room temperature due to a change of 8T magnetic field for the sample Ni2.208Mn0.737Ga, where martensite-austenite structural and ferro-para magnetic transition temperatures almost coincide with each other.
Some Research Activities on Biological Physics in S. N. Bose Centre

Samir Kumar Pal
An overview of our research activities in the field of experimental Biological Physics, works on Bio-Nano Interface, Biomimetics will be presented in the proposed presentation. Finally our heartiest effort to bring the frontier research to common people in our society in terms of lost cost spectroscopic gadgets for the biomedical/environmental usage will be discussed.
Study of the Effects of Radiations from Terrestrial and Extraterrestrial Sources on Earth's Ionosphere using VLF Technique 
 Sujay Pal [1],  Sudipta Sasmal[2],  and  Sandip K. Chakrabarti[1,2]

[1] S.N. Bose National Centre for Basic Sciences, Block JD, Sector – III, Kolkata -98

[2] Indian Centre for Space Physics, 43 Chalantika, Garia Station Rd, Kolkata -84

We participated in an all India campaign in December 2008 in which  ionospheric studies were made by monitoring Very Low Frequency (VLF) radio waves.  The height of the ionosphere changes with the time of the day and as a result the signal also changes differently as different observing stations.  The sun was at minimum in its 11-year cycle, so only the quiet sun contributed to the ionospheric changes. I present the result of the campaign and compare the results at various places. On an average, the result was very good in several places, but a couple of places the signal was weak. Among the interesting results, we find the  East-to-West and West-to-East propagation effects on VLF signal. This may indicate the effect of geomagnetic field variation on signal propagation. The observed effects indicated limitations of the existing theories which  required revisions. The sunrise and sunset effects on the signal and especially the predictable appearance of the sunrise-sunset terminators, were noted. We also compare these results with those obtained by ICSP scientists at Maitri station, Antarctica, during the period January-February 2008. We expect very good understanding of ionospheric response to the external radiations after analyzing these results.
Study of Local Environmental Effects in Disordered Alloys

Moshiour Rahaman & Abhijit Mookerjee

In the coherent potential approximation (CPA), the effective medium is determined by a self consistency condition, which requires that the average scattering from a single real atom embedded in the effective medium be zero. It is generally agreed that the CPA is the best single site approximation. However, most disordered alloys have a certain degree of short range order(SRO) which might fail whenever a single site effective medium description becomes inadequate, e.g., in the presence of strong local environmental effects, such as SRO and clustering tendencies. These local environmental effects can be investigated, accurately and convincingly, only through a cluster or multisite approximation. The inclusion of the SRO is a challenging problem since it requires a self consistent theory which includes correlations between different sites and retains the Herglotz property of the averaged Green's function. The augmented space cluster CPA have successfully applied only for the model system(PRB, 48,17724). We have generalized the technique to the CuZn alloys and compare with other approaches.
Probing ferromagnetic insulating (FMI) state of manganites (La0.80Ca0.20MnO3) by resistance fluctuations (Noise)

Sudeshna Samanta, A. K. Raychaudhuri



Hole-doped rare-earth manganites (like La$_{1-x}$Ca$_{x}$MnO$_{3})$ in the ferromagnetic insulating (FMI) state show large non-linear conductance. Such non-linear conductance can arise due to hot-electron effect which originates from decoupling of the electron and lattice temperatures at high power level. The non-linear conductance manifests as electro-resistance or current induced resistance change. We report here low frequency temperature dependent noise measurement which allows us to estimate the electronic temperature by measuring Nyquist noise (“white noise'' in contrast to 1/f 
noise) in La$_{0.8}$Ca$_{0.2}$MnO$_{3}$ single crystals which has a distinct FMI state below 100K. The measurement was performed with low ac biasing current which was mixed with a high current density d.c that leads to electron heating. We observed that in the insulating state, above a certain input d.c power, the Nyquist noise increases by a large extent and this is 
coupled to the onset of non-linear conduction as signalled by the power dependence of the differential conductance. The experiment establishes a direct link between hot-electron effect and non-linear conductance.
Interplay of Principal and Tilted axis rotations in odd-odd Ag isotopes

Santhosh Roy

Angular momentum in a deformed odd-odd nucleus may be generated either by Tilted Axis Rotation (TAR) or by Principal Axis Rotation (PAR). The choice depends, on which mode of excitation is energetically more favorable. The present work describes a systematic study of this competition among the odd-odd Ag isotopes. Signature is the quantum number, which plays a significant role to distinguish between these two modes of excitation. The energy splitting between the two signature partners in a rotational band is governed by the single particle configuration. In PAR, it is a good quantum number, while in TAR it is not. With this motivation the high spin states of 110Ag has been studied and compared with the lighter odd-odd Ag isotopes to understand the underlying angular momentum generation mechanism.
Application of the Lindstedt-Poincare theory to the Lotka-Volterra Dynamics 
Amartya Sarkar and Jayanta K.  Bhattacharjee

The various perturbation techniques used to handle nonlinear problems are not always reliable. The Lindstedt-Poincare perturbation theory is always a reliable technique in the region of small coupling constant. The harmonic balance result, on the other hand, if expanded in the perturbation parameter may lead to incorrect results. We discuss the validity of these above techniques and the harmonic balance technique citing the examples of classical anharmonic oscillator. The Lindstedt-Poincare theory is applied to the Lotka-Volterra dynamics to find the time period of its periodic solution.

La0.67Ca0.33MnO3 nanoparticles – effect of size reduction on the ferromagnetic metallic state
Tapati Sarkar and A. K. Raychaudhuri

Nanoparticles of doped perovskite oxide manganites have started to fascinate the scientific community increasingly in the past few years. The manganites in itself are quite attractive from the point of view of basic physics because they exhibit a wide spectrum of physical properties leading to rich phase diagrams arising from complicated interactions. Reducing the size of these systems introduces some additional complexities and changes in the established ground state. 

Out of all the doped manganites, La0.67Ca0.33MnO3 (LCMO) is perhaps one of the most widely studied systems. However, even a quick review of the published reports on La0.67Ca0.33MnO3 nanoparticles will be enough to convince one that there is still no clear understanding of how size reduction affects the ground state in these materials. Quite contradictory results have been published by different groups (e.g. some groups claim a strengthening of the ferromagnetic state on size reduction, while others report a totally opposite effect). Our work aims to clear up this existing confusion by doing some detailed and systematic studies on nanoparticles of La0.67Ca0.33MnO3. The samples have been prepared in-house by a well standardized chemical synthesis route and are well characterized. In particular, we show that apart from magnetization measurements, a detailed structural study is absolutely necessary in order to understand the ground state of these systems. These studies were done through magnetic neutron scattering (done at the the Dhruva reactor facility at BARC, Mumbai) which gave us information regarding the crystal structure as well as magnetic structure of the nanoparticles. In fact, these structural studies are what sets our work apart from the previous reports on nanocrsystalline LCMO, and help us to establish conclusively the effects of size reduction on nanoparticles of La0.67Ca0.33MnO3 on parameters such as the coercive field HC and the transition temperature TC. The detailed results and conclusions will be discussed in the talk.
Frequency and size distribution dependence of extinction for astronomical silicates and graphites 
A K Roy, S K Sharma and R Gupta


It is generally agreed that interstellar dust grains consist of two main components, namely, silicates and graphites.  Here we show our results of parametrization of extinction spectrum curves of silicates and graphite grains in terms of frequency and the minimum and maximum of size  distribution. The equations obtained can be useful in a number of situations involving silicate and graphite grains.

Effect of heat treatment on magnetoimpedance  in positive magnetostrictive  glass- coated amorphous  Co83.2Mn7.6Si5.8B3.3   microwires 
Suman Sinha 1,2, Bipul Das1 and Kalyan Mandal1
1 Magnetism Laboratory, S. N. Bose National Centre for Basic Sciences,

Block JD, Sector III, Salt Lake, Kolkata 700 098, India.

2 Sarsuna College, 4/HB/A Ho Chi Minh Sarani, Sarsuna Upanagari, 

Kolkata 700061, India                                  

Magnetoimpedance of as-quenched and heat treated positive magnetostrictive glass-coated amorphous Co83.2Mn7.6Si5.8B3.3  microwire has been studied as a function of  dc magnetic field, Hdc within (120 Oe and frequency, f from 0.1 to 12.85 MHz. Heat treatment of the sample was done by short duration annealing with current pulses of amplitude 100 mA and duration ~12 seconds along its length. From previous studies, it is predicted that the domain-structure of wire-shaped amorphous magnetic materials consist of an inner core (IC) domain having a magnetization direction closely parallel to the wire axis and a multidomain outer shell (OS) with transversely oriented magnetization. It has been shown earlier that OS mainly contributes to the GMI value. Various heat treatments have been performed to enhance the GMI value by increasing the OS volume. In the present paper, OS volume and hence GMI in this microwire has been increased by heat treatment mentioned earlier. A maximum change of 66% in MI of the as-quenched sample has been observed around 5 MHz which is increased to 129% on heat treatment by four current pulses. The magnetization of the as-quenched and heat treated sample has also been studied to understand the domain structure and magnetoimpedance.
Tuning ferromagnetism in MnO
Manoj K Yadav, B. Sanyal, A. Mookerjee

It has been shown that the antiferromagnetic rock salt MnO can be converted toferromagnetic one by doping it with few concentration of 2p elements like boron, carbon and nitrogen. Our first principle calculation shows that MnO turns into ferromagnetic at concentration as low as about 3 at. percent of boron. Nitrogen is found to be the least effective while boron is found to be the most effective in stabilizing ferromagnetism. We discuss the role of 2p states of boron, carbon and nitrogen in stabilizing ferromagnetism in MnO.

POSTER

Contact Network in a Space Filling Pattern of Growing Polydisperse Packing

Ananya Banerjee, Abhijit Chakraborty and S. S. Manna

We studied the pattern formed by a large number of tumors when they  grow quasistatically in an uniform rate. In a model where tumors grow radially isotropically from nucleation centres located at random positions in space, the imposition of the hard core excluded volume effect limits their growth and determines the final pattern. The growth rate $\delta$  is the only parameter in this model. We observe that in the limit of  $\delta \to 0$ the random pattern is space-filling. The remaining unfilled space forms a Fractal set having a non-trivial fractal dimension. In a two dimensional pattern the contact network of neighboring touching discs have been found to be a scale-free network with a power law degree distribution. The large degree hubs of this network are identified with the old discs of large radii. The fractal dimension and the degree exponent of the contact network are numerically measured to be around 1.55 and 2.50, respectively. This model may be relevant for the granular medium of polydisperse grains in the techtonic plates during Earthquakes.

Entropy production in stochastic systems  


Arnab Saha  and Jayanta K.  Bhattacharjee

          

The total entropy production fluctuations are studied in some exactly solvable models. For these systems, the detailed fluctuation theorem holds even in the transient state, provided initially the system is prepared in thermal equilibrium. The nature of entropy production during the relaxation of a system to equilibrium is analyzed. The averaged entropy production over a finite time interval of time gives a better bound for the average work performed on the system than that obtained from the well known Jarzynski equality. Moreover, the average entropy production as a quantifier for information theoretic nature of irreversibility for finite time nonequilibrium processes is discussed.

ASR code and application in simple systems

Rudra Banerjee, Abhijit Mookerjee
Augmented Space Recursion method developed by our group is hugely successful to describe the electronic structure of disordered binary alloy. New parallel code has been developed for the ASR method. This code is writen entirely on f90/95/2003 to get maximum efficiency. The recursion part has been parallilzed and ran was given in our central cluster(hpc). The results are at par with our old routine, and we have achived a huge  efficiency as par as walltime is concerned. The code has became much efficient as is walltime/cputime  is concerned.The DOS of simple binary system for two different cases ($Fe_{x}Cr_{1-x}, Cu_{x}Zn_{1-x}$) is shown.

Theoretical Study of the Intensity Distribution of VLF  Signals over Indian subcontinent

 Tamal Basak [1],  Sujay Pal[1],  and  Sandip K. Chakrabarti[1,2]

[1] S.N. Bose National Centre for Basic Sciences, Block JD, Sector – III, Kolkata -98

[2] Indian Centre for Space Physics, 43 Chalantika, Garia Station Rd, Kolkata -84

 Study of  Very  Low Frequency (VLF) radio waves is very important for knowing the behavior of  the Ionosphere due to Solar flares, and other terrestrial and extra terrestrial radiations.  The VLF signal  having frequency 18.2 KHz, transmitted by  Indian Naval Transmitter VTX at Vijayanarayanam near the southern tip of Indian subcontinent, is constantly received all around the world. At the stations in Kolkata region the signal is very strong and its behaviour is close to 'classical'.  To understand the temporal variation of the received signal, a complete understanding of the intensity distribution of the VLF signal with distance variation is essential.  A VLF wave emitted by the transmitter has both the ground wave & the sky wave components. The intensity of the ground wave varies with distance from transmitter due to interference among components from various VTX  antennas. The intensity pattern has been simulated. The sky wave component is reflected by the ionosphere on its way to the receiver. Intensity variation occurs at a given receiver location for interference among single & multiple components of the reflected waves. This is also being simulated. We hope to present the results with some simplifying assumptions.
Spin-model approach to study the site preference of Fe in Olivines 
Sirshendu Bhattacharyya1, Swastika Chatterjee2, Surajit Sengupta3 and T.Saha-Dasgupta2
1 Advanced Material Research Unit,S.N.Bose Centre for Basic Sciences,

JD-III, Salt Lake City, Kolkata 700 098, India

2 Department of Material Sciences,S.N.Bose Centre for Basic Sciences,

JD-III, Salt Lake City, Kolkata 700 098, India

3 Centre for Advanced Materials,Indian Association for the Cultivation of Science,

Jadavpur,Kolkata 700 032,India

In this study, we develop a spin-model to investigate the problem of temperature dependent site preference of Fe in a mineral like olivine with a general formula [Fe,Mg]2SiO4. Olivine is a basic constituent of the earth's upper mantle having Si-O tetrahedra and Metal-O octahedra as structural units. The octahedra are of two types, namely M1 and M2 depending on the site symmetry. At a given temperature the Fe atom is known to show preference for a particular octahedral site, which reverses as one increases the temperature [1]. Our electronic structure calculations show the important role of vacancy in determining the charge disproportionation of Fe and hence the site preference. Based on the inputs from electronic structure calculations[2,3], we construct a spin model using the pseudo-spins representing Fe2+, Fe3+ and Mg2+ ions. The spin model is constructed with a motivation to explain the temperature assisted cross-over of site preference of Fe. In this presentation, we discuss the T=0 K phase diagram of the developed spin model in terms of Fe-Mg interaction energy, chemical potential differences, number of vacancies etc. This will form the foundation of our future study in terms of finite temperature simulations.

[1] G.Artioli,R.Rinaldi,C.C.Wilson,P.F.Zanazzi,American, Mineralogist,80,197-200 (1995)

[2] S.Chatterjee, S.Sengupta, T.Saha Dasgupta, K.Chatterjee, N.Mandal

Physical Review B 79, 115103 (2009) & to be published.

[3] S.Chatterjee, T.Saha Dasgupta (to be published).

Magnetism in undoped ZnO


Hirak Kumar Chandra and Priya Mahadevan

There has been considerable efforts to dope transition metal atoms into traditional semiconductors to render them magnetic and therefore suitable candidates for spintronic applications. Recently a new class of materials have been identified where there are no "conventional magnetic elements", and yet these materials are magnetic. One such example is undoped ZnO. Recent experimental works have shown that undoped ZnO grown under certain conditions could be magnetic. A possible origin for this are defects. In this work we have used first principle electronic structure calculations to examine various defects in ZnO. Analysis of our results helps us predict some simple rules to predict which defects would be magnetic.
Some Recent Novel Phenomena in Superconductors 
Ranjan Chaudhury

Microscopic theories are proposed for two different phenomena in superconductors, observed recently. One of them is Kohn Anomaly seen in the conventional type of superconductors and the other one is high temperature superconductivity observed in Iron-based systems. The results are discussed in the context of the experiments. 

Rotation of a dipolar solute in  polar solvents 
Amit Das, Ranjit Biswas, Jaydeb Chakrabarti
Department of Chemical, Biological and Macromolecular Sciences, S. N. Bose National Centre for Basic Sciences, JD Block, Salt Lake City, Kolkata-700 098, India.

When a dipolar solute, placed in a polar solvent, attempts to rotate, the torque acting on it has two origins: the solute-solvent interaction potential and the frictional solvent damping effect. This rotational time scale is measured in terms of decay time of the anisotropic fluorescence emission intensity for the solute. Here we derive an expression for the rotational time scale in terms of the microscopic parameters that can account for the experimentally observed fluid density dependence of solute rotational times. Moreover,  the present theory can explain the experimentally observed solute dependence of the rotational times in polar fluids.

Light Induced Tunable Nano-Noodles Formation of Gold Nanoparticles in Air-Water Interface using Langmuir-Blodgett Technique 
Anindya Das1, Prabir Pal2 and  A.K.Raychaudhuri1
1DST Unit for Nanoscience, S.N. Bose National Centre for Basic Sciences, 

Block- JD, Sector -III, Salt Lake, Kolkata - 700 098, INDIA.

2Department of Spectroscopy, Indian Association for the Cultivation of Science, Jadavpur, Kolkata - 700032, INDIA

Because of its superb electrical and thermal conductivity, and mechanical properties, the gold nanowire is noted for its promising technological applications in nano-electronics, optoelectronics, and chemical and biological sensors. These functions, however, are strongly dependent on the crystallographic and morphological characteristics. By the method of the Langmuir-Blogett film deposition on silicon substrate, both the shape and the crystallinity of nanowires may be under manipulated control.

A novel method of preparation of noodle – shaped Gold nanoparticles has been reported here. In this work, the growth of formation of noodle-shaped gold nanoparticles in presence of light is observed with the help of Langmuir-Blodgett film-deposition method at the air–water interface. Gold nanowires have been grown up with time in presence of light, synthesized by octadecylamine (ODA) deposited from aqueous hydrogen tetrachloroaurate (HAuCl4) subphases. Both in situ as well as transferred monolayers were studied.  No gold nanoparticles are formed in absence of light. As a part of understanding the Gold nanoparticle growth kinetics, we studied the process in different time and surface pressure at air - water interface. Primary attachment of AuCl4- to ODA monolayer is electrostatic in nature. Subsequent reduction of AuCl4- to gold nanoparticle was photo induced.  UV-Visible absorption spectroscopy, Fourier transform infrared spectroscopy (FTIR),  atomic force microscopy (AFM), scanning electron microscopy (SEM) and transmission electron microscopy (TEM) measurements indicated the marked influence of duration of photo induction on length of gold nanonoodles. With time the length of gold nanonoodles increases. The observed width of the gold wire is ~50 nm and array size is 26 (m. From energy dispersive X-ray (EDAX) and FTIR study, it is established that the gold nanowires are capped with Octadecylamine. After UV irradiation for 1h these nanowires breaks and 2D-arrays of gold nanoparticles are formed. This work has shown that the Langmuir-Blodgett method is a relatively simple, reliable, highly reproducible and extremely practical method for the fabrication of thin film with controlled thickness deposited onto a variety of substrates.

Preparation and Characterization of Magnetic Nanowires

B. Dasa and K. Mandala, Pintu Senb 
aMagnetism Laboratory, S. N. Bose National Centre for Basic Sciences, 

Block JD, Sector III, Salt Lake, Kolkata-700 098, India

bVariable Energy Cyclotron Centre, 1/AF Bidhannagar, Kolkata-700 064, India

We have prepared nickel, cobalt nanowires in the pores of the alumina and polycarbonate membranes by electrodeposition technique. The diameters of the nanowires have been varied within a range from 50nm to 200nm. The magnetic properties of the nanowires are changing sensitively with the length and the diameter of the nanowires. Hysteresis loops measurements shows the magnetic easy axis of the arrays of nanowires along the perpendicular direction of the length of the nanowires. Competition between the shape anisotropy, magnetocrystalline anisotropy and strong magnetostatic interaction between the nanowires has been observed.
External force induced Enzyme catalysis in an open system


            Biswajit Das  and   Gautam Gangopadhyay 
           


A  single molecule enzyme kinetics and thermodynamics is  considered in an open system. A nonequilibrium steady state enzyme catalysis where substrates and the products are maintained in a fixed concentration is monitored by the application of an external force.
Lowest Order Relativistic Corrections of Helium Computed Using Monte Carlo Methods

Sumita Datta
We have calculated the lowest order relativistic effects for the three lowest states of the helium atom with symmetry 1S, 1P,1D, 3S, 3P  and 3D using Variational Monte Carlo methods and compact, explicitly correlated trial wavefunctions. Our values are in good agreement with the best results in the 
literature.
Comptonization of soft photons by an electron cloud in presence of a  jet around a blackhole: result of a Monte Carlo simulation 
Sudip K. Garain†,  Himadri Ghosh*,  Kinsuk Giri§ and  Sandip K. Chakrabarti‡

S.N. Bose National Centre for Basic Sciences, Block JD, Sector - III, Kolkata - 98

Jets are formed from the centrifugal barrier dominated dense region  around  a black hole. Using a pseudo-Newtonian potential, we solve the Bondi accretion problem. We assume that in certain regions along the axis a conical shaped outflow could  form and the matter is provided with the outflow branch of the Bondi solution. The soft photons that are coming from the Keplerian accretion disk around the black hole, are scattered by this inflowing and outflowing matter. We have studied  the emerging spectrum from the electron cloud using the Monte Carlo simulation. If the temperature of the electron cloud is kept low, then we find that the bulk-motion Comptonization dominates the thermal Comptonization . We show that the output spectrum changes significantly due to the presence of the Jet. We compare the  effects of the accreting matter and the jets on the emerging spectrum and discuss different paradigm of importance.

Study of Co-doped ZnO dilute magnetic semiconductor prepared by mechanical milling

S. Ghosh, M. Mangrola, R. Chaudhury and K. Mandal

Department of Materials Science, S. N. Bose National Centre for Basic Sciences,

Block JD, Sector III, Salt Lake, Kolkata 700 098, India

We report on the magnetic and the structural properties of 4% & 2% at.wt. Co-doped ZnO diluted magnetic semiconductors prepared by ball milling process. X-ray diffraction patterns reveal that the Co-doped Zinc oxide has a wurtzite structure. The shift of the XRD peaks and hence the change in the ZnO lattice volume ensures the incorporation of Co2+ ions in the semiconductor host lattice.  The UV-visible spectroscopy of the Co-doped samples shows the decrease in band gap compared to the pure ZnO. The temperature dependence of magnetic properties of the samples has been measured in details using a vibrating sample magnetometer (VSM). The composition of the compounds was analyzed by EDAX.
Time-Dependent Accretion Onto  A Compact  Stellar Object 

  Kinsuk Giri*,   Sudip Kumar  Garain$  &    Sandip  K. Chakrabarti‡                
S.N. Bose National Centre for Basic Sciences,  Salt Lake City,  Kolkata-98
We  obtained a numerical solution to the set of time dependent hydrodynamical equations of  flow of matter on to a compact stellar object with an absorbing inner  boundary condition. The accretion is channeled either along  the bi-polar field lines or by spherically symmetric way. We  reproduce the steady state Bondi -solution and compared it with our time dependent solution  for a suitable set of values of the accretion rate and  the temperature of  the accreting matter.  We are in the process of studying various regimes of the accretions and  look for time dependent solutions in presence of cooling and heating effects.
Dynamics in Ionic Melt Mixtures 
Biswajit Guchhait and Ranjit Biswas

 Chemical, Biological and Macromolecular Sciences, S. N. Bose National Centre for Basic Sciences, JD Block, Sector III, Salt Lake, Kolkata-700 098
There exist several mixtures of inorganic salts with organic compounds that remain liquid at or near room temperature, even-though separately they exist as solid compounds. These mixtures are technologically important materials that have found applications in nuclear reactors and ion batteries. These melt mixtures are also used as non-aqueous solvents in chemical industry for material synthesis. We study the solvation dynamics in these systems in order to find out time scales of environment reorganization which may supply important information for better applications in ion batteries where ion motions play critical role in determining life-time of these storage devices. We also study rotational dynamics and its temperature dependence by monitoring the temporal variation of fluorescence depolarization to unravel the solute-environment interaction in these complex mixtures.

Correlated systems
Sanjay Gupta and Tribikram Gupta



We study the dimensional dependence of the interplay of strong correlation and disorder in going from two dimension  to quasi 1D systems at both zero and finite temperatures using 2D t-t`; disordered Hubbard model.  Inclusion of  t`;   without disorder leads to a  metallic phase at half filling below a certain critical value of Hubbard U.  Above this critical value of U correlation favours antiferromagnetic phase while disorder leads to double occupancy over the lower energy site. This competition leads to the emergence of a metallic phase, which can be quantified by the calculation of Kubo conductivity , gap at half filling, density of states, spin order parameter inverse participation ratio and bandwidth. We have studied the effect of disorder on the system in a very novel way through a deterministic disorder which follows a Fibonacci sequence.   The temperature and dimensional variation of the above parameters shows interesting features.
Monte carlo Simulation of Ising Model

Application to Binary Alloys to observe Phase Transitions

Ambika Prasad Jena and Abhijit Mookerjee

Ising Model is an exactly solvable for lower dimensions. For higher dimensions various approaches exist. Monte carlo simulation  employing importance sampling of the phase space in canonical ensemble is done to verify the known results. Equivalence of a randomly disordered binary alloys with the ising model is shown. With proper relation of variables, simulation is done using conventional Metropolis algorithm with skew periodic boundary condition so that the correlation gets dissipated over the long chain of atomic sites and for any site interaction is considered up to fourth  near neighbor. In addition to the Order parameter variation of the alloy, that shows the phase transition and transition temperature, correlation of the fluctuations, internal energy and its fluctuations are also observed. The physical input to the simulation is the set of exchange parameters which is calculated using the abinitio Augmented Space Recursion in TB-LMTO basis.
Mole -fraction Dependence of Ionic Mobility in Alcohol-Water Binary Mixtures 

Hemant K. Kashyap and Ranjit Biswas

Department of Chemical, Biological and Macromolecular Sciences S. N. Bose National Centre for Basic Sciences, JD Block, Sector III, Salt Lake, Kolkata-98                                               
Experimental studies of ionic conductivity in aqueous tertiary butyl alcohol (TBA) solutions have revealed that the limiting ionic conductivity of uni-positive rigid ions shows a non-monotonic TBA mole fraction dependence in the limit of low TBA concentration at room temperature.  We have used a microscopic theory1-3 to calculate the alcohol mole fraction dependent limiting ionic conductivity of singly charged cations in water-TBA mixtures where, as input to the calculation, solvent-solvent static correlations have been supplied from our molecular dynamics (MD) simulation data. Our analyses reveal that the non-monotonic alcohol mole fraction dependence for small ions originates from the non-ideality in solution structure. In-effective packing in solution structure due to interaction among the tertiary butyl groups of TBA is suggested to be responsible for  the observed break-down of the hydrodynamic relation for describing the conductivity of large tetra-tertiary butyl ammonium ion in water-TBA mixtures.

Hawking Radiation, Covariant Boundary Conditions and Vacuum States

Shailesh Kulkarni

A detailed analysis of the chiral current and energy momentum tensor in Unruh, Hartle Hawking and Boulware vacuum states is provided. These results are used to clearify the covariant boundary condition used in recent approaches [Wilczek. et. al (PRL 96, 151302; PRD 74, 044017), R. Banerjee, S.Kulkarni (PRD 77, 024018; PLB 659, 827)] of computing the fluxes of Hawking radiation from chiral gauge and gravitational  anomaly.
Ferromagnetism and Ferroelectric Bi2NiMnO6?

Abhinav Kumar and Priya Mahadevan

A route to multiferroic materials is to look for ferromagnetic insulators which are also ferroelectric. A design principle that has been used to generate such materials is to use the Goodenough - Kanamori rules to identify sets of elements occupying the B site of an ordered double perovskite lattice which would make the system ferromagnetic insulators. An atom  such as Bi  is introduced at the A site which lifts inversion symmetry and generates  ferroelectric materials. In this work we have examined ferromagnetism and ferroelectricity in the designed multiferroic Bi2NiMnO6. Our analysis shows that the design principles are not so robust.

Relaxation of organic layer on water surface and growth of Langmuir-Blodgett films on chemically engineered surfaces 
S. Kundu,1 J. K. Bal,2 S. Hazra,2 A. Datta2
1Department of Materials Science, S. N. Bose National Centre for Basic Sciences, JD Block, Sector III, Saltlake City, Kolkata 700098, India

2Surface Physics Division, Saha Institute of Nuclear Physics, 1/AF Bidhannagar, Kolkata 700064, India.
Relaxation of bimolecular layer film on water surface and growth of Langmuir-Blodgett (LB) films of  nickel arachidate (NiA) on differently passivated (H-/Br-/O- passivated) Si(001) substrates and their structural evolution with time have been investigated. Ferric stearate, a three-tailed amphiphile, forms a bi-molecular layer on water surface. Molecules in the lower layer are in an ‘asymmetric’ configuration, Fe-containing heads touching water and three hydrocarbon tails in air, while molecules in the upper layer are in a ‘symmetric’ configuration, in pairs of ‘Y and inverted Y’ disposition of tails about the Fe-bearing head. Pressure relaxation at constant area (π – t curves) and area relaxation at constant pressure (A – t curves) of this bi-molecular layer can be modeled as a sum of three exponential decay terms with distinct time constants and weight factors. Relating the long-term decay with desorption of the total film thus indicates a remarkable long-term stability of the bi-molecular layer film. An x-ray reflectivity study of the bi-molecular films deposited horizontally on Si(001) at various conditions of relaxation show no further growth along the vertical of any other layer. Under pressure relaxation molecules are transferred from the upper to the lower layer with a change from symmetric to asymmetric configuration, while under area relaxation the transfer is from the lower to the upper layer with a configurational change from symmetric to asymmetric. 

Structure of the NiA film on freshly prepared oxide covered Si(001) is consistent with the growth of the LB film on hydrophilic surface, the structure of which is quite stable. On the other hand, the structure of LB film on H-passivated Si(001) is similar to the growth of the LB film on hydrophobic surface. This structure changes significantly with time. However, for Br-passivated surface, the structure shows intermediate behavior. Both the hydrophilic and hydrophobic nature is observed simultaneously for the film deposited on such Br-passivated Si surface. Small change in structure with time has been observed which has significance. These different grown structures and their evolution can be well understood by considering different electrostatic nature of passivating atoms and their stability at ambient condition. Different types of passivation thus can be used to tune the desired structure in the LB films.
Effect of accretion on primordial black holes in Brans-Dicke theory  

A. S. Majumdar 

We consider the effect of accretion of radiation in the early universe on primordial black holes in Brans-Dicke theory. The rate of growth of a primordial black hole due to accretion of radiation in Brans-Dicke theory is considerably smaller than the rate of growth of the cosmological horizon, thus making available sufficient radiation density for the black hole to accrete causally. We show that accretion of radiation by Brans-Dicke black holes overrides the effect of Hawking evaporation during the radiation dominated era. The subsequent evaporation of the black holes in later eras is further modified due to the variable gravitational ``constant'', and they could survive up to longer times compared to the case of standard cosmology. We estimate the impact of accretion on modification of the constraint on their initial mass fraction  obtained from the $\gamma$-ray background limit from presently evaporating primordial black holes. 

Structure and Dynamics of Nanoclusters

Sugata Mukherjee
Groundstate properties of elemental metallic clusters have been studied in great detail in recent past. We present semi-empirical calculations on several transition-metal and noble-metal clusters containing a few upto several thousands of atoms to study evolution of binding with the size. Results of binding energy and bulk modulus will be presented. Model calculations on segregation of bimetallic metal clusters will also be presented.
Excited State Intramolecular Charge Transfer Reaction in Non-aqueous Electrolyte Solutions: Temperature Dependence
Tuhin Pradhan, Harun Al Rasid Gazi and Ranjit Biswas

Department of Chemical, Biological & Macromolecular Sciences, S. N. Bose National Centre for Basic Sciences, JD Block, Sector III, Salt Lake, Kolkata 700 098, INDIA
Temperature dependence of the excited state intramolecular charge transfer reaction of 4-(1-azetidinyl)benzonitrile (P4C) in ethyl acetate (EA), acetonitrile (ACN) and ethanol at several concentrations of  lithium perchlorate (LiClO4) has been investigated by using the steady state and time resolved fluorescence spectroscopic techniques. Spectral properties such as spectral peak frequency, bandwidth (FWHM, full-width at half maximum), changes in reaction free energy (-
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) associated with the charge transfer  reaction, and reaction rate in the temperature range ~270 – 345 K have been determined at several electrolyte concentrations in the above three solvents. For these solvents at all temperatures and LiClO4 concentrations, the intensity decay of P4C has been found to be bi-exponential function of time. Except at higher electrolyte concentrations in EA, reaction rates in solutions follow the Arrhenius type temperature dependence where the estimated activation energy is found to decrease with electrolyte concentration. While the activation energy at the highest electrolyte concentrations in EA and ACN decreases almost by a factor of 2 from that in pure solvents, the decrease is only ~20% for ethanol.  The present study reveals that the electrolyte concentration dependence of ICT reaction rate is qualitatively different in weakly polar solvent from that in strongly polar solvent.  The data presented here also indicate that the step-wise increase of solvation energy via sequential addition of electrolyte induces the ICT reaction in weakly polar solvents to crossover from the Marcus inverted region to the normal region. 
Atomic Entanglement In multimode cavity optics 

Papri Saha, A.S. Majumadar and N. Nayak
The resonant interaction between two two-level atoms and  m-mode cavity  is considered. Entanglement dynamics of the two atoms is examined. In particular, we compare dynamical variations for different cavity modes as well as for different mode intensities. The collapse and revival of 
entanglement is exhibited by varying the atom-photon interaction time.
Density functional study of  electronic and optical properties of spinel compound  
Soumyajit Sarkar,  Molly De Raychaudhury and   Tanusri Saha-Dasgupta

S N Bose National Centre for Basic Sciences, Salt Lake 

Using first-principles density functional calculations we have computed the electronic and optical properties of spinel compound CuIr2S4, which undergoes a structural phase transition, accompanied by a metal-insulator transition at a temperature of about 230K. The nature of this transition has been discussed in literature in terms of both correlated singlet formation picture as well as orbitally driven peierl's transition picture. Our first-principles calculations find little role of correlation.  The transition from high temperature to low temperature crystal structure with complex ordering pattern, therefore may be rationalized in terms of  formation of one-dimensional bands which gives rise to orbitally driven Peirels state [1].  Our computed reflectivity and conductivity spectra[2] based on the GGA electronic structure, are in good agreement with measured spectra[3]. We find the electronic structure to be highly sensitive on the crystal structure data. The  observed differences in the details between the theoretical and experimental spectra, we believe, therefore can be improved in terms of better refined crystal structure data at low temperature.

[1] D. I. Khomskii and T. Mizokawa, Phys. Rev. Lett. 94, 156402 (2005).

[2] Soumyajit Sarkar,  Molly De Raychaudhury and   Tanusri Saha-Dasgupta, Phys. Rev. B (in press).

[3] N. L. Wang, G. H. Cao, P. Zheng, G. Li, Z. Fang, T. Xiang, H. Kitazawa, and T. Matsumoto, Phys. Rev. B 69, 153104 (2004).

Magnetic short-range order in nickel rich Ni-Mn alloys

P. Pal and A. K. Majumdar

Magnetic parameters like saturation magnetization, remanence, coercivity, etc. of magnetic alloys with varying compositions are useful in assessing their application potentials. From magnetic studies of several disordered Ni​1-x Mnx alloys, it was found that the MCP (multicritical point) xC is ~ 0.25, i.e., the system is ferromagnetic below xC and  paramagnetic above it. For a more detailed and complete magnetic phase diagram for disordered Ni-Mn alloys near the MCP we have arc melted alloys containing 15, 20, 25, 30, and 37 at. % Mn (found from EDAX). X-ray diffraction studies, after proper heat treatments, show that the alloys are all single phase with fcc structure. Their magnetism  is typical of a system with competing interactions where concentration regions of ferromagnetic and antiferromagnetic (AF) orders enclose an intermediate region in which only magnetic short-range order (MSRO) exists. Neutron diffuse scattering measurements are done on the alloy Ni0.75Mn0.25  at 6 and 300 K  for characterizing the MSRO. We find broad diffuse scattering close to but not exactly at Q = (½, ½, ½) signifying AF fluctuations. From extensive magnetic measurements down to 4 K, both in small (~ 10 Oe) and large (~ 12 tesla) fields, using SQUID and VSM, we find that a) in particular, Ni0.75Mn0.25 alloy is a ferromagnet below 80 K, a mixture of a ferro- and an antiferromagnet between 80 and 300 K, and a paramagnet beyond and b) in general, Ni​1-x Mnx alloy system has ferromagnetic long-range order (LRO) below 25 at. % Mn, antiferromagnetic LRO around 37 at.  % Mn and magnetic short-range order in the intermediate composition region.
Reversible shape transitions and power-law energy dissipation during martensitic transformations
Arya Paul and Surajit Sengupta
We formulate a phenomenological elasto-plastic theory to describe a solid  undergoing a structural transition from a square (p4mm) to an oblique (p2) lattice in two dimensions. Within our theory,  the components of the strain may be decomposed additively into separate elastic and plastic contributions. 
The plastic strain, produced when the local stress crosses a threshold, is governed by phenomenological equation of motion. We investigate the  dynamics of shape of an initially square solid as it is (1) quenched across the transition (2) deformed by an external stress and finally (3) returned to the parent state. We show that shape recovery at the end of this cycle depends on the nature of the plastic strain. 

We also investigate the nature of energy dissipation in martensitic transformations. We see that the evolution of microstructure during a temperature hysteresis cycle proceeds through avalanches which begin immediately prior to the transformation and continue while the transformation occurs.  We characterize the amplitude and time duration of each avalanche and show that they follow a power law distribution in accordance with experimental results. We emphasize that this behavior is seen in our calculations which do not have any quenched in compositional or elastic disorder and the avalanches are a result of inherent spatio- temporal chaos generated by the highly non-linear dynamics of regions of plasticity or “non-affine” zones.

Development of X-ray Detectors for Space applications 

Arnab Sen[1], S.K. Chakrabarti[1,2], D. Bhowmick[2], D. Debnath[2] 

1. S.N. Bose National Centre for Basic Sciences, JD Block, Salt Lake, Kolkata 98 
2. Indian Centre for Space Physics, 43 Chalantika, Garia Station Rd., Kolkata 84
We discuss results of the developments of solid state X-ray detector using Hamamtsu made Si-PIN photo-diode. We present how a single photon signal is amplified by successive stages (pre-amplifier and post-amplifier) and then passed through multichannel analysers. We show spectrum from known 
calibrating sources, such as Eu152, Am241, Cs137 abd Ba133. We also compute the detector efficiency as a function of the energy.

Ultrafast energy transfer from 3-mercaptopropionic acid-capped CdSe/ZnS

QDs to dye-labelled DNA

Pramod Kumar Verma and Samir K. Pal

Femtosecond-resolved fluorescence upconversion and picosecond-resolved spectroscopic measurements have been employed to confirm a highly efficient ultrafast FRET from MPAcapped CdSe/ZnS QDs to dye molecules attached to dodecamer DNA. It appears that hydrogen bonding is the associative mechanism between the MPA-capped QDs and DNA. High FRET efficiency of 92% together with the estimated donor-acceptor distance suggests that the adsorptive interactions between DNA and MPA-capped QDs result in a conformation in which DNA lies along the surface of the QD. Circular dichroism studies have been performed which reveal some perturbation in the native B-form of DNA in the nanobioconjugate.
Size dependence of the bulk modulus of semiconductors nanocrystals 

C. Gerard*, R. Cherian*, P. Mahadevan*, D. D. Sarma** 

* Department of Material Science, S.N. Bose National Centre for Basic 
Sciences, JD Block, Sector 3, Salt Lake, Kolkata, India 
** Solid State and Structural Chemistry Unit, Indian Institute of 
Science, Bangalore, India 
The size dependence of the bulk modulus of semiconductor nanocrystals has been studied upto a size of 5 nm^3 by ab-initio electronic structure calculations. The results are used to extract a general phenomenological law for the size dependence. This enables us to infer that the bulk modulus enhancements observed for nanocrystals in some experiments have a different origin than is included in our calculations.
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