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Research Summary

Neutrinos are the second most abundant elementary particle in nature yet it is one of the
least understood. The Neutrino Physics Research Group at CUHP (NPRG@CUHP) is
dedicated to exploring the fundamental connections between neutrino mass, dark matter
models, lepton flavor structure, and leptogenesis scenarios, aiming to address some of the
most profound questions in particle physics and cosmology. Our work focuses on
understanding the origin of neutrino mass, which remains one of the key open problems in
the Standard Model, and its implications for physics beyond the Standard Model (BSM). We
investigate neutrino mass generation mechanisms within various theoretical frameworks,
including seesaw mechanisms, radiative mass generation models, and other extensions
that naturally incorporate neutrino masses while maintaining consistency with
experimental constraints. A significant aspect of our research involves studying the
interplay between neutrino mass and dark matter, seeking viable particle physics models
in which the same underlying mechanisms give rise to both phenomena. This involves
constructing and analyzing minimal extensions of the Standard Model that accommodate
stable dark matter candidates while simultaneously explaining neutrino oscillation data
and cosmological observations. The group, also, explores the role of lepton flavor
symmetries and their breaking patterns in shaping the observed hierarchy of charged
lepton and neutrino masses, employing group theoretical methods to construct predictive
models that could be tested in future experiments. Another critical area of our research lies
in the study of leptogenesis as a mechanism for generating the observed baryon
asymmetry of the Universe, linking the properties of neutrinos to the cosmic matter-
antimatter imbalance. Our approach is deeply rooted in phenomenology, combining
analytical model-building techniques with numerical simulations to explore viable
parameter spaces consistent with current neutrino oscillation data, cosmological
observations, and constraints from collider experiments. Furthermore, we explore
potential signals of new physics at upcoming experiments and future colliders, identifying
novel signatures that could distinguish between different BSM scenarios. By bridging the
study of neutrino physics with broader themes in particle physics and cosmology, the




research group aims to construct a more unified understanding of the fundamental forces
and particles that govern the Universe, contributing to the ongoing effort to extend the
Standard Model and uncover the physics of the early Universe. Through our work, we
provide valuable theoretical insights into the nature of neutrinos, the role of lepton flavor
in the evolution of the Universe, and the possible connections between neutrino physics
and the longstanding mystery of dark matter, ultimately paving the way for a deeper
comprehension of the fundamental laws of nature.
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Quantum Mechanics
Advanced Quantum Mechanics
Quantum Field Theory
Statistical Mechanics

Classical Mechanics

Neutrino Physics

Advanced Neutrino Physics

Participation in Seminars/Conferences:

. CERN Neutrino Platform Pheno Week, 13t-17th March 2023 organized by

European Organization for Nuclear Research.

. Workshop on High Energy Physics, Cosmology, Astrophysics, Theory and

Simulations (HEPCATS) organized by Central University of Himachal Pradesh on 2nd
September, 2022.

. International Conference on Theoretical Aspects of Nuclear Physics organized by

Central University of Himachal Pradesh from 15-20 February, 2021.

XXIV DAE-BRNS Symposium on High Energy Physics organized by NISER Jatni
Odisha from December 14-18, 2020.

. Young Scientists’ Conference 2020, organized by Ministry of Science and

Technology, Ministry of Earth Sciences and Ministry of Health and Family Welfare,
Govt. of India from 22-12-2020 to 24-12-2020.

School on Gravitation and Astroparticle Physics organized jointly by Inter
University Centre for Astronomy and Astrophysics (IUCAA) and Central University
of Himachal Pradesh at Central University of Himachal Pradesh from 29 February-
12 March, 2016.

International Workshop, “Unification and Cosmology after Higgs discovery”,
Punjab University from 13-15 May, 2014.



International Workshop, “From Majorana to LHC: Workshop on the Origin of
Neutrino Mass”, Abdus Salam International Centre for Theoretical Physics (ICTP-
Trieste, Italy) from 2-5 October, 2013.

International Workshop on High Energy Physics and Phenomenology (WHEPP),
Physical Research Laboratory (PRL), Ahmadabad, 2-12 January, 2010.

10.XVIII DAE-BRNS Symposium on High Energy Physics, Banaras Hindu University,

Banaras, 14-18 December, 2008.

11.International Workshop on Theoretical High Energy Physics (IWTHEP), Indian

Institute of Technology, Roorkee (INDIA), 15-20 March, 2007.

12.XVII DAE-BRNS Symposium on High Energy Physics, Indian Institute of

Technology, Kharagpur,11-15 December, 2006.

Participation in Refresher Course(s)/Faculty Development Programme and other(s):

1.

Refresher Course- Environmental Studies, organized by UGC-HRDC, Aligarh
Muslim University (AMU) from 03-09-2020 to 18-09-2020.

. Faculty Development Programme (FDP) on Managing Online Classes and Co-

creating MOOCS organized by TLC Ramanujan College University of Delhi under
PMMMNMTT from 20-04-2020 to 06-05-2020.

. Faculty Development Programme (FDP) on R Programming organized by IIT

Bombay from May 25-29, 2020.

Certificate Programme in Python for Beginners conducted by E&ICT Academy,
IIT Roorkee.

. Faculty Development Programme (FDP) on e-content Development for Teachers

organized by UGC-HRDC, Savitribai Phule Pune University (SPPU), under
PMMMNMTT from 01-06-2020 to 05-06-2020.

Faculty Development Programme (FDP) on Open Source Tools for Research
organized by TLC Ramanujan College University of Delhi under PMMMNMTT from
08-06-2020 to 14-06-2020.

National Workshop on Technology and Instructional Reforms with reference
to online teaching, learning and evaluation organized by CALEM, Panjab
University under PMMMNMTT from July 15-20, 2020.

National Workshop on Curriculum Design and Development organized by
Central University of Punjab under PMMMNMTT from July 21-31, 2020.



