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Nuclear and Particle Physics and Advanced lab |

Group A: Nuclear Physics & Particle Physics

Nuclear Physics [24 Lectures]

Nuclear Properties: Basic information regarding nuclear radius and charge
distribution, binding energy, angular momentum, parity, magnetic dipole
moment and electric quadrupole moment.

[2L]

Deuteron: Properties of deuteron, Schrodinger equation and its solution for
the ground state of deuteron assuming the interaction potential to be
represented by a three-dimensional square well, non-existence of excited
bound state of an n-p system. Non-existence of a state with non-zero orbital
angular momentum. Estimation of force between nucleons. Deuteron radius.
Calculation of probability for a certain separation between the nucleons

[3L]

Nucleon-nucleon scattering: Low-energy n-p scattering cross section:
experimental observation, partial wave analysis and phase shifts, scattering
length and the significance of its sign, effective range theory, determination
of cross section for S-wave n-p scattering, singlet and triplet interaction of
nucleons, spin dependence of nuclear forces, tensor (non-central) potential,
determination of energy of a neutron-proton bound state for singlet spin
orientation

[5L]



Beta decay: Energetics of beta decay, experimentally observed energy and
momentum distribution of beta particles (both positive & negative). Pauli’s
neutrino hypothesis. Energy and momentum distribution from Fermi’s
theory of beta decay. Fermi-Kurie plot. Fermi integral and comparative half-
life. Determination of strength parameter of nuclear interaction for beta
decay. Estimation of neutrino mass. Allowed and forbidden transitions,
selection rules for Fermi and Gamow-Teller transitions, parity non-
conservation and Wu'’s experiment

[6L]

Nuclear models: Liquid drop model, Bethe-Weizsacker semi-empirical mass
formula, Bohr-Wheeler’s theory of fission, Spherical Shell model, brief
introduction to Collective model

[4L]

Nuclear reactions: Determination of scattering cross section and reaction
cross section based on partial wave analysis, Shadow scattering. Bohr’s
compound nuclear hypothesis. Breit-Wigner formula for resonance
scattering. Optical model of nuclear reaction

[4L]

Reference Books:

1. Introductory Nuclear Physics by Kenneth S. Krane John Wiley & Sons,
1988

2. Nuclear Physics by I. Kaplan Narosa, 2002
3. Nuclear Physics by S N Ghoshal S. Chand & Co., 1994
4. Elements of Nuclear Physics by W E Burcham Longman, 1979

5. Concepts of Nuclear Physics by, B Cohen McGraw Hill, 2000



6. Nuclear Physics: Theory and Experiment by, Roy & Nigam, New Age,
1996

Particle Physics [12 lectures]

Classification of hadrons by isospin and hypercharge, Baryon octet, Baryon
decuplet, Pseudoscalar and Vector Mesons. The quark model, SU(2), SU(3)
and their representations. Young tableaux. Discrete symmetries, Parity,
Charge conjugation, G-parity. Charm quark, charmed mesons, Bottom
quark, B mesons, discovery of top quark. The states of the neutral kaons,
strangeness oscillations, elementary idea of CP violation. Relativistic
kinematics: elementary idea of Mandelstam variables.

[12L]

Reference Books:

1. Introduction to Elementary Particle Physics by A. Bettini

2. Elementary Particle Physics: An intuitive introduction by A. Larkovski
3. Introduction to High Energy Physics by D.H. Perkins

4. An Introduction to Quarks and Partons by F.E. Close

Group B: Advanced lab 1

List of Experiments

1. BETA particle absorption using a GM counter (table top) or other
counters.
2. ALPHA particle absorption using semiconductor detectors and

multichannel analyser.



. GAMMA spectrometry with scintillation detectors and single-channel/
multi-channel analysers.

. Faraday effect of a given material.

. Spectroscopic splitting factor of a given sample using electron spin
resonance spectrometer.

. Verification of Malus law and Provostaye and Desains formula.
. BETA spectrometry using magnetic field.

. BETA spectrometry with scintillation detectors and multi-channel

analysers



