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Nothing, absolutely nothing, comes close to this 
wise desire which sums up the requirement for the 
journey to truth and discovery of the nature of 
things. Research, in general, and research in 
physical sciences in particular, is rightly considered 
the most noble endeavour of mankind. Research, 
having its origin in keen observation and analysis set 
the homo-sapiens apart from all other living beings. 
The progress of mankind and his civilization 
reaching from the Big Bang to distant galaxies and 
stars remains one of the most fascinating stories ever 
told and lived through. It is also in the nature of 
things that knowledge spreads by dissemination 
and the process encourages more questions whose 
answers further advance the frontiers of knowledge.

Preparing oneself for a career in the field of 
research in physical sciences is a very challenging 
and yet exhilarating task. The early education of 
students equips them with skills in mathematics, 
languages, and reasoning. These coupled with keen 
observation, open mind, refusal to accept till one 
has fully comprehended the topic under discussion 
on the basis of logic and logic alone is the only torch 
which lights the path to discovery, as rightly 
remarked by the noblest of all teachers ever, Lord 
Buddha.

While carrying out research, one solves a 
problem which has never been solved before and 
reaches a point where no one has ever gone before.  
At that edge of knowledge our only companions are 
our rigorous training of observation and analysis, 
which testify to the accuracy of discovery.

This situation is quite different from studies we 
conduct up to our masters' education where the 
course work has been covered by millions of 
teachers and students before us and where solutions 
to all the problems are known and our skills lie in 
getting them correctly.

Research is also a very 'patricidal' endeavour, 
in that we first understand what our predecessors 
have done, and then go beyond, either by refining 

Introduction

It is only appropriate that 
Kathopanishad starts and ends 
with a wish that :

õFù ÎFFæFæF¶F]—

õFù ÎFZ ÚF]ÎFƒ ¶F]—

õFù æFUÜFb =+ÞæFFæFùY—

¶FW¡ FPõæFÎFFæFÍFU¶FÛFõ¶F] ÛFF PæF¼hPæFðFFæFùY— —

èFFPÎ¶FO èFFPÎ¶FO èFFPÎ¶FO— —

=+*XÑFPÎFðF¼

May the knowledge acquired by 
studies protect both (the teacher 
and the taught) of us. May this 
knowledge nourish both of us.  
May this knowledge help both 
of us perform acts of valour.  
May this knowledge be full of 
brilliance. May there be no 
jealousy between us. May this 
knowledge bring peace to us, 
peace to our nation, and peace 
to our universe.

Kathopanishad

Contd. ....
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or even by completely demolishing earlier 
understandings. This is very different from, say, 
classical music, where one often tries to follow the 
masters as closely as possible and then also only 
strugglesto perfect a rendition.

To repeat, it is in the nature of things that in 
research the student goes beyond his teachers and 
his teacher prepares him/her for this journey, some-
times leading, some-times following, always 
together, always working closely, discussing 
continuously, and 'living the subject'.

The course work – which evolves from time to 
time – designed for the Ph.D. students at Variable 
Energy Cyclotron Centre is prepared with the above 
objectives in mind. Our years of experience with 
fresh students, knowledge of their strengths and 
weaknesses, the gaps in their capabilities, and their 
future requirement – not only while persuing their 
Ph.D. working on a specialized topic – but also later 
when they would take up more challenging tasks as 
professors and scientists – have gone into framing it.  
The feed-back received from students over years has 
also been very valuable for this.

Welcome to the exciting journey of a life-time 
as a scientist.

This is but only the first step.

We do wish you all the best in this endeavour 
and may you attain and live up to your fullest 
intellectual potential.

(D. K. Srivastava)

Let me recall Kathopanishad 
again, which says:

HP¸Fò¶F ¡ FF;Fe¶F

ÒFÑÜF æFÞUP·FÙFXÍF¶F—

‡ F]ÞõÜF ÍFFÞF PÎFPèF¶FF ¼]Þ¶ÜFÜFF

¼]¼b ÑF»Fõ¶F¶=+æFÜFX æF¼PÎ¶F — —

=+* HÑFPÎFðF¼h < 1.3.14 — —

The sharp edge of a razor is 
difficult to walk on.

So is the path to perfection, the 
learned say.

But perfection is attainable and 
shall be attained. 

Arise, awake, and Learn by 
approaching the exalted one.

Katha Upanishad – 1.3.14
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BASIC COURSES
(Compulsory for all students)

Linear vector spaces, Linear operators and matrices, Systems of linear equations. Eigen 

values and eigen vectors, Infinite-dimensional vector spaces: Hilbert space & Hermitian 

operators. Linear ordinary differential equations, Special functions. Linear partial 

differential equations in physics, Separation of variables method of solution. Complex 

variable theory; Analytic functions. Taylor and Laurent expansions, Classification of 

singularities, Analytic continuation, Contour integration, Method of steepest descent. 

Integral equations and Green functions, Ideas about nonlinear equations, Approximation 

methods : WKB approximation, Fourier and Laplace transforms.

Introduction to finite and continuous groups. Group representations and operations, 

Permutation group and its representations, Lie groups and Lie algebras. SU(2), SU(3) and 

SU(N) groups, Poincare groups. Introduction to manifolds, Tangent vectors and tangent 

spaces, Vector fields, Differential geometry, Riemannian manifolds and Gauge theories.

1. A Course in Modern Mathematical Physics : Groups, Hilbert Space and Differential 
Geometry, Peter Szekeres

2. Mathematical Methods for Physics and Engineering: A Comprehensive Guide, K. F. Riley, M. 
P. Hobson, S. J. Bence

3. Complex Variables : Introductions and Applications, M. J. Ablowitz and A. S. Focas

4. Geometrical Methods of Mathematical Physics, Bernard Shutz

5. Lectures on Advanced Mathematical Methods for Physicists, S. Mukhi & N. Mukunda

 

Hamilton's equations, Phase space, Principle of least action and Hamilton's 

principle, Canonical transformations, Contact transformations, Examples of 

canonical transformations, Poisson brackets and its identities, Liouville's 

theorem, Poincaré-Cartan integral and differential invariant, 

Symplectic structure of phase space, Jacobi theorem, Hamilton-

Jacobi equation, Action-angle variables, Adiabatic invariants, Small 

oscillations, Canonical perturbation theory, Secular perturbation 

theory, Nonlinear resonance, Applications in plasma physics, 

Kolmogorov-Arnold-Moser theorem, Applications to 

Mathematical Physics :  

Classical Mechanics

Credit ( 3)

Credit (2)

Books :
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understanding of Kirkwood gaps, Saturn's rings, Birkhoff-Poincaré theorem, Chaos in 

discrete dynamical systems.

1. Mathematical Methods of Classical Mechanics, V. I. Arnold.

2. Classical Mechanics,  T.W.B. Kibble & F. H. Berkshire

                    

Approximation methods in quantum mechanics : W. K. B. and variational methods and 
their applications. Time independent perturbation theory (for non-
degenerate and degenerate cases) and its application to helium 
atom, Stark and Zeeman effects, Time dependent perturbation 
theory and Fermi golden rule, its applications to beta decay 
theory and principle of detailed balance.

Collision theory : Born series and approximations, 
Partial wave analysis, Need for complex potentials, 
Analytic properties of S-matrix and dispersion theory. 

Schroedinger, Heisenberg and interaction pictures : 
Propagator in quantum mechanics. Measurements in 
Quantum Mechanics, EPR paradox, Hidden variables 
and Bell's inequality.

Relativistic quantum mechanics : Klein-Gordon and 
Dirac equations and their solutions, Gamma matrices, 
Non relativistic limit of Dirac equation; Parity inversion and 
time reversal, Bilinear covariants, Charge conjugation.

Lagrangian formulation : Symmetries of Lagrangian density, 
mn

Noether's theorem, Energy-momentum tensor T  - its origin & physical meaning of different 
components. 

Path integral formulation of quantum theory :  applications.

1. Quantum Mechanics, Leonard I. Schiff

2. Quantum Mechanics, Eugen Merzbacher

3. Quantum Mechanics, A. S. Davydov

4. Principles of Quantum Mechanics, R. Shankar

5. Relativistic Quantum Mechanics, James D. Bjorken and Sidney D. Drell

6. (i) Quantum Mechanics : Non- Relativistic Theory & (ii) Classical Theory of Fields,                
L.D. Landau and E.M. Lifshitz

7. Quantum Mechanics and Path Integrals, P. Feynman and A.R. Hibbs

Books :

Books :

Quantum Mechanics  Credit (3) 
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Maxwell equations, Macroscopic electromagnetism, Conservatio laws : Maxwell's 
displacement current, Vector and scalar potentials, Gauge transformations, 

Lorentz gauge and Coulomb gauge, Green's theorem for the wave equation, 
Poynting's theorem and conservation of energy and momentum, Boundary 
value problems and numerical techniques,

Plane electromagnetic wave and wave propagation, Wave guides and 
resonant cavities : Plane waves in a non-conducting medium, Linear and 
circular polarization, Fields at the surface and within conductor, Cylindrical 

cavities and wave-guides, Modes in a rectangular wave-guide, Energy flow and 
attenuation in a wave-guide.

Radiating systems, Multipole fields and radiation : Fields and radiation of a localized 
oscillating source, Electric dipole field and radiation, Multipole expansion and 
electromagnetic fields, Properties of multipole fields, Energy and angular momentum of 
multipole radiation, Sources of multipole radiation : Multipole moments.

Relativistic electrodynamics : The special theory of relativity, The Lorentz 
transformation and basic kinematic results of special relativistic, Invariance of 
electric charge, Covariance of electrodynamics, Transformation of 
electromagnetic fields, Relativistic charged particles in an electromagnetic 
field.

Radiation by moving charges : The Liénard-Wiechert potentials and fields for 
a point charge, Total power radiated by an accelerated charge.

1. Classical Electrodynamics, J. D. Jackson. 

 

Distribution functions: Liouville's equation, Fokker-Planck Equation; Gibbsian statistical 
ensembles: Microcanonical, Canonical and Grand Canonical ensembles. Gibbs' theorem: 
Information entropy: Fluctuations : Passage to the classical limit of quantum statistics: Bose-
Einstein statistics, Fermi-Dirac statistics; Ising Model : Theory of phase transition and critical 
phenomena- Critical exponents and universality : Statistical mechanics of finite system: 
Transport theory – BBGKY hierarchy to Boltzmann equation.

1. Fundamentals of Statistical and Thermal Physics,  F. Reif

2. Non-equilibrium Statistical Thermodynamics, D. N. Zubarev

3. Introduction to Phase Transition and Critical Phenomena, H. E. Stanley

4. Equilibrium and Non-equilibrium Statistical Mechanics, R. Balescu

Classical Electrodynamics

Statistical Mechanics

Credit (3)

Credit (3)

Book :

Books :
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Research : Meaning, Characteristics and types, Steps of research, Research ethics and 
plagiarism,

Introduction to patent laws : Patent laws, Process of patenting a research finding, Copy 
right, cyber laws. Scientific presentation procedure. Seminar by faculty members.

1. Research Methodology : Methods and Techniques, C. R. Kothari

Scientific programming : Procedural programming and object oriented programming 
(examples in Fortran and C++).

Simulation techniques : Random variables, Discrete and continuous, Monte-carlo 
techniques, Techniques of dynamical simulations.

Statistics and treatment of data : Estimation and propagation of error, Curve fitting, Least 
square methods.

Numerical technique : Integration, Differentiation, Diagonalization of matrices, Root 
finding (bisection and Newton-Raphson method); Interpolation techniques; Numerical 
solutions of ordinary and partial differential equations.

1. Numerical Mathematical Analysis,  James Blaine Scarborough, Oxford and IBH 
Publishing

2. Computer Oriented Numerical Methods , V. Rajaraman.

Philosophy of experimental science : Laboratory safety, Measurement of various physical 
properties with appropriate transducers, Vacuum - production methods and 
measurement techniques, Cryogenics - production and measurement, 
Workshop practice and basics of engineering drawing.

Material characterization techniques : Electrical, Magnetic, and Optical 
property measurements, X-ray diffraction, Neutron scattering and 
electron scattering techniques, Surface structure and topography 
(Scanning Electron Microscopy) and surface property 
measurements (Scanning Probe Microscopy), Phase changes 
(Differential Scanning Calorimeter), Mechanical property 
measurement : Tension and compression testing, Micro and 

Research Methodology

Computational Methods and Programming

Experimental Techniques and Methods

Credit (1)

Credit (2)

Credit (5)

Book :

Books :
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Nano-indendation techniques, Characterization of 
defects and their detection (Positron Annihilation 
Spectroscopy, Transmission Electron Microscopy).

Detectors and techniques for nuclear and high 
Energy physics : Interaction of radiations with 
matter : Interaction of electrons, photons, neutrons, 
muons and neutrinos with matter.

Radiation exposure and dose : basics of detectors : 
General properties of radiation detectors, Simplified 
detector model, Modes of detector operation, Pulse 
height spectra, Energy resolution, Detector efficiency, 
Working principle and properties of different types of 
detectors - Gas detectors, Scintillation detectors, 
Semiconductor detectors.

Basics of nuclear electronics : Pre-amplifier, Amplifier, 
Discriminators, Gate and delay generators, Analog to digital 
converter, Time to amplitude converter and the basics of data 
acquisition systems.

Experimental nuclear physics techniques and detectors : Charged particle 
spectroscopy and particle identifications, Gamma ray spectroscopy, Fast neutron 
spectroscopy and detectors related to the different techniques.

General concept of building a high energy physics experiments : Coverage and options, 
Tracking detectors, Calorimeters, Vertex detectors, Muon chambers, Neutrino detectors, 
Particle identification detectors in high energy physics. Data analysis in high energy 
physics: General approach of data cleanup, Calibration, Track reconstruction, 
Reconstruction of events.

1. Materials Characterization: Introduction to Microscopic and Spectroscopic Methods, 

Yang Leng 

2. Characterization of Materials, Elton Kaufmann

3. Radiation Detection and Measurement, Glenn F. Knoll

4. Nuclear Radiation Detectors, S.S. Kapoor and V. Ramamurthy

5. Techniques for Nuclear and Particle Physics Experiments: A How-To Approach, 

William R. Leo

6. Experimental Techniques in High-energy Nuclear and Particle Physics, edited by 

Thomas Ferbel

7. Introduction to Experimental Particle Physics, Richard Clinton Fernow

8. Data Reduction and Error Analysis for the Physical Sciences, Philip Raymond Bevington, 

D. Keith Robinson

9. Data Analysis Techniques for High-Energy Physics, edited by R. Frühwirth, M. Regler

Books :
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Basic Nuclear Physics

Basic High Energy Physics

Credit (3)

Credit (3)

Nuclear Structure : Basic N-N interaction, Bound state and scattering 
results, Ground state properties (Binding energy, Shapes, Size 
etc.), Nuclear models (liquid drop, shell model, collective 
model). Modes of nuclear excitations (collective excitation, 
giant resonances), Introduction to nuclear matter, Present 
day challenges (exotic nuclei, basic of nuclear 
astrophysics, s-process,  r-process, rp-process etc.) .

Nuclear Reactions : Nuclear reaction kinematics, 
Nuclear radius and methods of determination of nuclear 
radius, Scattering theory (partial wave analysis etc.), 
Optical model potential (Feshbach + phenomenology + 
folding model), Two potential formula for reaction 
amplitude (distorted wave born approximations, coupled 
channel, schematic with standard calculated fits), Statistical 
model (compound nucleus), Fission, Evaporated spectra, 
Introduction to heavy ion reaction : Fusion, Deep-inelastic reactions 
near Fermi domain: Introduction to multi-fragmentation.

1. Basic Ideas and Concepts in Nuclear Physics: an introductory approach, K. Heyde

2. Structure of the Nucleus, M. A. Preston and R. K. Bhaduri

3. Physics of Nuclei and Particles Vols. 1 & 2, Pierre Marmier and Eric Sheldon

4. Direct Nuclear Reactions, Norman K.Glendenning

5. Nuclear Reactions, Daphne F. Jackson

6. Theoretical Nuclear Physics, John M. Blatt and Victor F. Weisskopf

7. Introduction to Nuclear Reactions, Carlos A. Bertulani and Pawel Danie

Lorentz invariance and Relativistic kinematics. A preview of fundamental particles and 
their interactions. Review of classical field theory : Principle of least action, Lagrangian 
formulations for continuous system and fields. 

Symmetries and conservations laws, Noether's theorem, Introduction to field 
quantization : Canonical quantizations of scalar, Spinor and gauge fields. 

Principle of gauge invariance : Global and local gauge transformations, Abelian gauge 
fields.

Interaction fields : Perturbation expansion of correlation functions, Wick theorems, 
Feynman diagrams, S-matrix and cross section, Calculations of cross sections and decay 
rates for elementary processes. 

Books :



VECC
KOLKATA

8

Brief introduction to symmetries and groups : SU(3) symmetries and quark model of 
hadrons). Measurement techniques of mass and spin of particles.

1. Quarks and Leptons : An Introductory Course in Modern Particle Physics, F. Halzen and 

A. D. Martin.

2. Introduction to Elementary Particles, D. Griffiths.

3. Elementary Particle Physics, Y. Nagashima (vol-I).

Introduction to accelerators : Brief history and basic principle of various particle 
accelerators, Cockcroft-Walton, Van-de-graaff, Tandem, Linear accelerator, Cyclotron, 
Synchrotron and storage rings, Microtron and betatron, Induction linac.

Transverse beam dynamics : Accelerator magnets - Dipole, Quadrupole and Sextupole 
magnets, General multipole expansion, Equations of motion, Field index, Betatron 
oscillations, Weak and strong focusing, Piecewise method of solution, Transfer matrix 
technique, Transfer matrices for drift space, Dipole, Quadrupole, Stability criterion, Closed 
form solution and amplitude function, Beta function, Twiss parameters, Phase space 
ellipse, Liouville's Theorem, Beam emittance.

Longitudinal beam dynamics : Longitudinal phase space dynamics, Momentum 
compaction, Phase stability, Equation of motion, Synchrotron oscillation, Longitudinal 
emittance.

Cyclotrons :  Basic principle of cyclotron, Classical cyclotron, AVF cyclotron, Isochronism 
and  shape of the magnetic field, Injection, Extraction, Beam quality. High current 
cyclotrons, Separated sector and  Superconducting cyclotrons.

RF linear accelerator : Linear accelerating structures, Transit time factor, Wideroe and 
Alveraz linac, Electron linac, Ion linac, Empty cavity-wave types and  modes, Loaded 
cavity- Space harmonics, Travelling wave and Standing wave structures, RFQ linac.

Ion sources : Principle of ionization, Ion sources for positive ions - Duoplasmatron, PIG, 
ECR, Ion sources for negative ions-surface, Volume and charge exchange, Beam formation.

Synchrotron and storage rings : Electron and ion Synchrotron, Synchrotron radiation 
source, Total radiated power, Fixed target and moving target, Collider principle, Beam 
cooling.

Application of accelerators : Basic research, Medicine and  Industry.

1. Accelerator Physics, S. Y. Lee
2. Particle Accelerator Physics, H. Wiedemann
3. Principle of Charge Particle Acceleration, S. Humphries.

Books :

Books :

Basic Accelerator Physics Credit (3)
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Crystal structure and crystallography : Bravais lattice – Primitive vectors, Primitive unit 
cell, Conventional unit cell, Reciprocal lattice and Brillouin zone, Properties of X-rays, 
X-ray diffraction (geometry, intensity, real sample), Comparison with electron and neutron 
diffraction.

Electronic structure of solids : Band structure of solids, 
Introduction to many body problem, Single particle 
approximation, Hartree, Hartree-Fock methods, 
Modeling the ionic potential, Pseudo-potential 
method, Nearly free electron models, Bloch 
theorem, Tight binding method, Augmented plane 
wave method, Pseudo-potential plane wave 
method. Lattice vibrations : Phonons-Debye 
model for specific heat of solids-lattice 
dynamics-phonon spectrum. Electrical & 
thermal transport in solids, Role of electron-
phonon interaction- Boltzmann transport 
equation. 

Magnetism and superconductivity : Origin of 
magnetism, Quantum theory of diamagnetism and 
paramagnetism, Heisenberg's exchange interaction 
and ferromagnetism, Magnetism in metals, 
Magnetism in insulators, Introduction to super-
exchange, Direct exchange and double exchange, Order-
disorder phase transition in magnetism. Phenomenological 
description of superconductivity, Interaction between electron and 
phonon, Cooper pair, Meaning of energy gap, Meissner effect, London theory, 
Classification of superconductors, High temperature superconductors, Outline of the 
microscopic BCS theory, Ginzburg-Landau theory.

Dielectric properties of solids : Static dielectric constant metal and insulator using 
phenomenological theory (Maxwell's equations), Electronic and ionic polarization of 
molecules, Ferroelectricity- dipole theory, Inter-band transitions, Kramers-Kronig relations, 
Polarons, Excitons, Optical properties of metals and insulators.

Strength of materials : Cohesion in solids, Elasticity and plasticity, Defects in solids, Point 
defect, Line defect, Planar defects, 3D defects, Concept of dislocations, Role of dislocations 
in material behaviour, Interaction of dislocations with other defects.

Irradiation studies and concept of reactors : Interaction of radiation with matter- Concept 
of nuclear and electronic energy loss, Differential cross section in projectile target collision, 
Damage energy, Irradiation effects in metals, Concept of DPA, Introduction to nuclear 
reactors.

Basic Solid State Physics & Materials Science Credit (3)



KOLKATA

10

VECC

1. Solid State Physics, N. W. Ashcroft and N. D. Mermin.

2. Atomic and Electronic Structure of Solids, E. Kaxiras.

3. Introduction to Solid State Physics, C. Kittel.

4. Principles of the Theory of Solids, J. M. Ziman. 

5. Introduction to Superconductivity, M. Tinkham.

6. Mechanical Metallurgy,  George Dieter.

7. Condensed Matter Physics, M.P. Marder.

8. Fundamentals of Radiation Materials Science : Metals and Alloys, Gary S. Was.

9. Defects and Radiation Damage in Metals, M. W.Thompson. 

10. X-ray Diffraction, B. E. Warren.

11. Elements of X-ray Diffraction, B.D.Cullity and S.R.Stock.

1. Thickness measurement of  thin foils 

2. Calibration and energy resolution of different types of radiation detectors 
(e.g, Si, CsI(Tl), HPGe, BaF , etc.)2

3. Thickness uniformity test of different detectors 

4. Characterization of a neutron detector 

5. Characterization of a gaseous detector (Gas electron multiplier/avalanche 
counter)

6. Efficiency measurement of different types of g detectors

7. Determination of lattice parameter/phase transformation etc using XRD(X-ray 
diffractometer)

8. Measurement of stored energy in deformed samples using DSC( differential 
scanning calorimeter)

9.  Measurement of mechanical strength of different materials using universal 
testing machine.

10. Measurement of magnetic property of materials using VSM (vibrating sample 
magnetometer)

11. Nanostructuring by ion beam

12. Measurement of muon life time

13. Characteristic study of wavelength shifter fibres

14. Fabrication and characterization of a scintillator detector

(Theory : 26; Experiment : 11, Computations: 2,  Research methodology: 1). 

Books :

Laboratory Experiments : (Each student will
carry out minimum of 12 experiments)

 
Credit (6)

Students will carry out 12 experiments of the following 14 experiments.

Before joining the advanced courses students will complete 40 credit
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ADVANCED COURSES
[Out of the 7 advanced courses given below students may either 

choose 2 courses (credit: 2×4) or 1course (credit: 4)
+a mini project (credit: 4)]. 

Structure : Nuclear models : Nilsson model, Hartree Fock, Collective, Particle rotor, Total 
energy calculations, Modes of excitations in nuclei and exotic nuclear shapes, High spin 
and high excitation phenomena in nuclei,  Methods of population of nuclear states, High 
resolution gamma ray spectroscopy : Gamma ray spectrum, Level scheme, Gamma 
detector array and channel selection devices, Observables and deduced quantities in 
nuclear structure physics, Lifetime measurements of nuclear state, Nuclear isomerism, 
High energy gamma ray measurements and related physics.

1. Structure of the Nucleus : M. A. Preston & R. Bhaduri

2. The Nuclear Many-Body Problem : P. Ring and P. Shuck

3. Nuclear Structure : A. Bohr and B.R. Mottelson

Reactions : Damped nuclear collision : General features, Kinetic energy loss, 
Angular distribution, Angular momentum dissipation, Time scale, 
Phenomenological and theoretical models for heavy ion collision, 
Nuclear interaction potential (proximity, G-matrix, effective 
interaction and folding model), Dissipative forces: one-body, 
two body dissipation.  Complex fragment  emission and  
fission : Dynamical models of fission, Quasi fission, Synthesis 
of super heavy elements (SHE), Intermediate mass fragments 
emission, Reaction near Fermi energy domain, Hot nucleus, 
Multi-fragmentation, Liquid-gas phase transition, Theoretical 
models of multi-fragmentations. Nuclear level densities and its 
application in statistical models description. Nuclear 
astrophysics : Deep-sub-barrier fusion, Astrophysical S-factor, 
Gamow peak, Calculation of reaction, Rates and its use in 
calculating primordial and Stellar abundances.

1. Reaction Dynamics, F. S. Levin and H. Feshbach

2. Nuclear Physics of Stars, Christian IIiadis

Advanced Nuclear Structure

Advanced Nuclear Reactions

Credit (4)

Credit (4)

Books :

Books :
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3. Cauldrons in Cosmos : Nuclear Astrophysics, Claus E. Rolfs and William S. Rodney  

4. Black Holes, White Dwarfts and Neutron Stars: the Physics of Compact Objects, Stuart L. 
Shapiro and Saul A. Teukolsky.

Renormalization in quantum field theory : One loop radiative 
corrections in quantum electrodynamics (QED), Power counting and 
the index of Divergence, dimensional regularizations and 
renormalizations. Calculations of one loop diagrams in QED.

Quantum Chromodynamics (QCD) : Non-abelian guage 
theory, One loop diagrams and running coupling, 
Perturbative QCD. 

Structure of hadrons : Proton form factor, Deep inelastic 
scattering of electron off proton, Parton evolutions. 
Gauge theory with spontaneous symmetry breaking, 
The Glashow-Salam-Weinbergf electro-weak theory. 

Heavy Ion Collisions at Ultra-Relativistic Energies : 
Quark Gluon Plasma, Hadrons in thermal bath, 
Thermodynamics of strongly interacting matter, QCD 
phase transition in the laboratory, Space time evolution 
and signals of quark gluon plasma. 

1. An introduction to Quantum Field Theory, M. E. 
Peskin and D. V. Schroeder

2. Quantum Filed Theory, L. H. Ryder

3. Field Theory, P. Ramond

4. Gauge Field Theory, S. Pokoroski

5. Quantum field theory, L. S. Brown

6. Introduction to High Energy Heavy Ion Collisions, C .Y. Wong

7. Quark Gluon Plasma from Big Bang to Little Bang, K. Yagi, T. Hatsuda and Y. Miake

Simulation in experimental high energy physics : GEANT4 for detector simulation. 
Concepts and extractions of collision parameters: Luminosity, Centrality, etc. Procedure of 
extraction of experimental observables, Measurement of inclusive particle distributions of 
charged and identified particles, Measurements of correlated particle distributions in high 
energy heavy ion collisions. 

Two-particle correlations : Invariant mass distribution, 2D (delta eta-delta phi) and 

Advanced High Energy Physics (Theory)

Advanced High Energy Physics (Experiment)

Credit (4)

Credit (4)

Books :
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3D(delta eta-delta phi-delta pt) correlations and projections (examples of higgs, J/psi, etc.), 
n-particle correlations, Background estimation, Mixed event, Extraction of yields and 
associated errors, Measurement of event by event fluctuations. Reconstruction of jets, 
Results and interpretations. 

Collective flow : Procedure of extraction and interpretations, Parton energy loss, Nuclear 
suppression, Azimuthal distribution. 

Quarkonia : J/Y and ¡  suppressions. 

1. Introduction to High Energy Heavy Ion Collisions, C .Y. Wong

2. Quark Gluon Plasma from Big Bang to Little Bang, K. Yagi, T. Hatsuda and Y. Miake

Beam parameters and beam formation : Definition of beam parameters, Beam energy, 
Time structure, Peak and average beam current, Beam size, Bunch length, Energy spread, 
Transverse and longitudinal emittances, Beam life, Beam lifetime and vacuum, Beam 
formation, Buncher, Beam chopper. 

Beam dynamics and transport : Beam emittance and brightness, Liouville's theorem, 
Paraxial ray equation for axially symmetric systems, Series representation of electric and 
magnetic fields, Paraxial ray equation, Solutions of the paraxial ray equations, Electrostatic 
lenses, Einzel lens, Solenoidal magnetic lens, Transfer matrix technique and stability 
condition, Effects of a lens on beam ellipse, Beam envelope. Transport notations, Transfer 
matrix of transport elements, Stability condition, Basic focusing modules 
and different kinds of imaging, Telescopic system, 
Coupled systems, Transfer matrices of solenoid and 
skew quadrupoles. 

Transverse and longitudinal dynamics in 
accelerators : General theory of Courant and 
Snyder, Courant-Snyder invariant and 
emi t t ance ,  FODO Cel l .  Magne t  
imperfections, Dipole field errors and 
closed-orbit distortion, Quadrupole 
gradient errors and tune shif t ,  
Resonances in circular accelerators. Off-
momentum orbit, Dispersion function, 
Momentum compaction, Dispersion 
suppression and Dispersion matching, 
A c h r o m a t i c  t r a n s p o r t  s y s t e m s ,  
Chromat ic i ty  and i t s  correct ion.  

Books :

Advanced Accelerator Physics Credit (4)
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Longitudinal equation of motion, Phase stability 
and synchrotron oscillations, Longitudinal phase 
space parameters, Fixed points, Bucket area, 
Separatrix, Momentum acceptance. 

Beam dynamics with space charge : Space charge 
effects, Beam envelope with self fields and finite 

emittance, Uniform beam model, Beam transport 
in a uniform focusing channel, Tune shift and 

current limits, Transport in a periodic channel, 
Envelope oscillations and instabilities, Linear beam 

model with charge neutralization, Space charge 
compensation. The Vlasov Equation, K-V distribution, 

Stationary distributions in a uniform focusing channel, RMS 
emittance, Concept of equivalent beams, RMS envelope 

equations, Causes of emittance growth, Filamentation of phase 
space, Wake fields and image charge effects. 

Linear accelerators : Fundamentals of accelerating structures, Transit time factor, 
Shunt impedance, Quality factor, Phase and group velocities, Modes in a cylindrical pillbox 
cavity, Alvarez structure, Loaded cavity and space harmonics, Standing wave linacs, 
Traveling wave linacs, Coupled cavity linacs, HOMs, Beam loading, Transverse dynamics 
in a linac, Longitudinal dynamics in linac, Beam dynamics in RFQ accelerator. 
Superconducting structures. 

Physics of electron storage rings : Radiation from moving charges, Coulomb regime, 
Radiation regime, Radiation sources, Bending magnet radiation, Wavelength shifter, 
Wiggler magnet radiation, Undulator radiation, Radiation power and angular distribution, 
Quantum fluctuation, Beam lifetime, Emittance in electron storage rings. 

Advance accelerators : Free electron laser, Plasma accelerators, Spallation neutron 
sources, Rare ion beam (RIB) facilities. Accelerators driven subcritical systems (ADSS)   

1. Accelerator Physics, S. Y. Lee

2. Particle Accelerator Physics, H. Weidemann

3. M. Reiser, Theory and Design of Charged Particle Beams, M. Reiser

4. An Introduction to the Physics of High Energy Accelerators, D. Edwards and M. Syphers

5. Principle of Charge Particle Acceleration, S. Humphries

6. Proceedings of CAS (CERN) : Free on net

Books :
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Radiation Damage Event : Neutron-nucleus interactions, Interaction between ions and 
atoms, Ionization collisions.

The displacement of atoms : Elementary displacement theory, Modification to K-P 
displacement model, Displacement cross-section.

Damage cascade : Displacement mean free path, Primary recoil spectrum, Cascade 
damage energy and cascade volume.

Radiation induced defect formation : Point defect formation, Thermodynamics of 
point defect formation, Diffusion of point defects, Dislocations.

Radiation enhanced diffusion and reaction rate theory : Point defect balance 
equation, Radiation enhanced diffusion, Defect production, Recombination, Loss to 
sinks, Sink strengths, Reaction-rate controlled processes.

Radiation induced segregation (RIS) : RIS in concentrated binary alloys and ternary 
alloys, Effect of local composition changes on RIS.

Irradiation induced voids and bubbles : Void nucleation, Void growth, Bubble growth.

Phase stability under irradiation : Radiation induced segregation, Radiation induced 
precipitation, Meta-stable phases, Amorphization.

Unique effects of ion irradiation: Ion irradiation techniques, Composition changes, 
Other effects of ion implantation like grain growth, Texture, Dislocation 
microstructure.

Simulation of neutron damage with ions : Aspects of radiation damage relevant to ion 
irradiation, Emulation of neutron irradiation damage with proton irradiation, 
Irradiation parameters for particle irradiation, Effects on mechanical properties due to 
irradiation hardening, Embrittlement, Irradiation creep and growth.

 

Fundamentals of Radiation Materials Science : Gary S. Was

Advanced  Materials Science –I Credit (4)

Effects of Radiation in Metals and alloys :

Book :
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For further details:

Dept. of Atomic Energy, Government of India
1/AF, Bidhan Nagar, Kolkata-700 064

Email : daps@vecc.gov.in
DID : 2318 2414; Phone : 2337 1230/1231/1232/1233/1238/4831/4832/4838

Fax : +91 33 2334 6871, +91 33 2334 1110, +91 33 2359 3370
Website : http//www.vecc.gov.in

Dean Academic, Plysical Sciences

Variable Energy Cyclotron Centre

Multifunctional materials :

Concept of ferroelectricity, Ferroelasticity, Multiferroic materials, Magnetoelectric 
coupling. Conducting polymer and nanocomposites.

Nanostructured materials :

Nanomaterials- Synthesis by bottom up and top down processes (physical and 
chemical approaches), Different types of nanostructures like nanorod, Nanotube, 
Nanowire, Physical properties of nanostructures, Characterization method. 
Development of irradiation induced nanostructure and its characterisation by AFM. 

Advanced oxide materials : 

Crystal field splitting, John Teller distortion, Zener double exchange model, Mott 
Insulator, Theory of superconductivity, Manganites, Density functional theory, 

0
Magnetic property of a solid, d  ferromagnetism, Defect characterization in oxides by 
Positron annihilation techniques, Mossbauer spectroscopy in oxides.

1. Solid State Physics, A. J. Dekker.

2. Physics of Nanostructures, Dresselhaus and Dresselhaus. 

3. Transition Metal Oxides: An Introduction to Their Electronic Structure and Properties, 
P. A. Cox. 

: Equivalent to a course work of credit 12.

 

Advanced Materials Science – II Credit (4)

Books :

Project work

Total credit : 60
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