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Subjects I Topics of Research offered for JRFs (6 Positions) for 2016 

1) 	 Posit ron annihilation studies on different oxide samples: 

Positron annihilation spectroscopy is a well known non-destructive nuclear solid state technique to 
characteri ze electron density distribution and electron momentum distribution in different solids. One 
can probe defects as well as the chemical nature of the defects with these techniques. On the other side 
defects playa unique role in determining optical, electronic and magnetic properties in different 
samples, e.g., metal, alloys, metal oxides, sulfide, CMR-GMR sample as well as superconductor. In the 
present work we propose to study different oxides and sulfide (single crystalline as well as 
nanocrystaliline) samples employing different positron annihilation spectroscopic techniques . 

2) 	 Comparative study of radiation damage in BCC and FCC materials: 

Crystal structure plays an important role in the response of a material to radiation damage . Body 
centered cubic (BCC) materials are found to be more radiation resistant compared to face centered 
cubic materials . This study will be aimed at understanding the origin of the difference in behavior with 

respect to defect production and their agglomeration between the BCC and FCC based systems. The 
study will be carried out on pure metals (such as Nb, Mo and Ni) as well as their alloys . Radiation 
damage will be carried out using ion beams at VEC and the characterization will be done mainly using X
Ray Di ffractometer and Field Emission Scanning Electron Microscope. The activation enthalpies and 
stored energy of the different types of defects (vacancies, vacancy clusters and dislocations) will be 
determined using the Differential Scanning Calorimeter. 

3) 	 Theoretical Condensed Matter: 

We will be studying various models in condensed matter physics, mainly spin chains, to understand the 
entanglement properties arising solely due to interaction. Ideas from quantum chaos, especially random 
matrix theory Will be utilized to obtain the analytical results which then will be compared with numerical 

data . Studies of localization properties in such systems will connect to topological insulators and their 
possible realization in Id systems. These studies will be in the realm of many body physics . 

4) 	 Measurements of photon multi pl icity and photon-hadron correlations at the LHC: 
Photon Multiplicity Detector (PMD) is an integral part of the ALICE experiment and is a major 
contribution to the experiment from the Indian collaboration in ALICE. PMD has been placed in the 
forward rapidity region and measures multiplicity of photon on an event-by-event basis. PMD has taken 
data for proton-proton, proton-lead and lead-lead collisions at various energies. The first part of the 
thesis will concentrate on the photon multiplicity and pseudorapidity measurements at these collisions 
as a function of centrality and beam energy. 
The Forward Multiplicity Detector (FMD) of ALICE is placed in front of the PMD and measures charged 

particle multiplicities. Multiplicities of inclusive photons and charged particles are generally correlated . 
Theoretical models predict that in certain circumstances, the correlation breaks and one can observe 

large fluctuations in the ratio of charged particles and photons. The second part of the thesis will cover 
t he study of photon to charged particles ratios in all the collisions as a function of centrality and beam 
energy. 

5) Experimental Study of Quark Gluon Plasma in STAR Experiment at RHIC: 
Quantum Chromodynamics (QCD) predicts a phase transition from normal hadronic matter to a new 
state of matter, known as Quark Gluon Plasma (QGP). This phase transition occurs at very high 
temperature or high baryonic density. STAR experiment at Relativistic Heavy Ion Collider (RHIC) at 
Brookhaven National Laboratory, USA is one of the ideal places to study the experimental perspective of 
this phase transition. The available energy at these colliders are suitable for studying the bulk of 

properties of the matter formed in heavy ion collisions. In this project, we aim to study one of the 
experimental signatures of QGP formation and associated properties of the matter formed in relativistic 
heavy ion collisions. 
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6) 	 Theory of Strongly interact ing matter at high temperature and density: 
Highly energetic collisions of heavy nuclei lead to the formation of a hot and dense system consisting of 

strongly interacting,degrees of freedom such as quarks and gluons or hadrons like pions and nucleons. It 

is highly suggestive that the properties of these excitations, especially those of hadrons which are 
composite particles are quite different from that in free space. These are in turn manifested in the 

spectra of emitted particles as well as in the transport properties of the system. The consequence of a 
strong transient magnetic field is also a topic of high current interest. Theoretical studies on these 
aspects will be undertaken . 

7) 	 Experimental study of quasi-fission and shell effects in fission of heavy nuclei: 
It is because of the shell effects in nuclei that element beyond Z=104 [known as super heavy element 
(SHE)] exist in the periodic table. Quasi-fission is a process that severely hinders the formation of the 
SHE. 
The thesis proposal calls for the experimental study of fusion fission dynamics for the actinides and pre

actinides nuclei to understand these two basic processes (quasi-fission and shell effects) with the aim to 

unveil the relationship between nuclear structure and nuclear stability . 

The scope of the PhD thesis work is to carry out experiments at the major accelerator facilities in India 

(Kolkata Cyclo tron, Mumbai and Delhi Pelletrons) using the state of the art gas detectors developed at 

our laboratory. 
This project will be important towards understanding the reaction mechanism to produce heavy 

element (HE) and super heavy elements (SHE) . 

8) 	 Optical tomography for imaging chemical species: 
Chemical Species Tomography (CST) is an optical tomographic technique concerned with imaging 
distribution of molecules in industrial processes. The ~asic principle of CST is that an optical source and 

a series of detectors situated around the region of interest, within which there is a substance with 
certain light absorption and/or emission parameters. The optical source, typically a Laser, is used to 

project monochromatic electromagnetic radiation of a particular wavelength, sensitive to the species, 
across the region. The detectors receive the transmitted or emitted light. Online single pass single path 

measurement for moisture detection in helium has already been demonstrated in VECC with update 

rate of 1 kSample/s . The same can be replicated for generating many receive-signals from sources in 

many positions around the periphery. The source-detector pairs are often arranged in several subsets of 

parallel or fan arrangements, each subset being called a "projection" . The complete measurement data 
set comprises the multiple projections across the region of interest. The inverse problem of converting 

from the measured data to the distribution of parameter of interest is solved by applying image 

reconstruction algorithms to the measurement data set, either directly or iteratively, to approximate a 

solution. It has applications from environmental studies to optimization of gasoline engine process. 

Methodologies developed in one technology can be transferred to others without much deviation. The 
recent developments in process tomography have features like limited projections, fast measurements 
etc. so that process can be correlated with the images. This fast noninvasive measurement as proposed 
can be utilized in medical field for online response of the treatment of human body. 


