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Brief description of Research Interests :

My interests lie in exploring the interplay of low dimensionality, strong correlations and quantum
fluctuations leading to novel emergent collective behaviour in quantum condensed matter systems.

The theoretical analysis of such phenomena is often made challenging by the absence of any obvious
small coupling constant in the problem. In addition, critical phenomena in low-dimensional systems are
often at zero-temperature and driven by quantum fluctuations arising from the competition between
different quantum orders. | have, over the years, investigated emergent phenomena in a wide variety of
systems. These include, for instance, inhomogeneous quantum Hall states, graphene-based quantum
dots, orbital-spin liquid states in transition-metal compounds, charge-transfer organic salts, stripe
phases of a high-T¢ superconductor and cold bosonic condensates. These works have often been either
in direct collaboration with experimental groups or strongly motivated by their findings.

My recent work has focused on the understanding of fermionic quantum criticality lying beyond the
Ginzburg-Landau-Wilson paradigm. | am keenly looking at how such criticality may be responsible for
the appearance of topological states of matter in strongly correlated electronic systems, quantum spin
liquids etc. Very recently, for instance, my group has developed a renormalization group method (two
works in Nucl. Phys. B, 2020) that offers non-perturbative insight into the nature of gapped as well as
gapless spin liquid ground states in the two-dimensional quantum Kagome antiferromagnet at finite
field (New J.Phy., 2019). We have also developed a spectral flow technique that provides a criterion for
the existence of gapped topological spin liquid phases at finite field (corresponding to magnetization
plateaux states) in geometrically frustrated quantum Heisenberg antiferromagnets in the two-
dimensional kagome and triangular lattices (JPCM, 2020), as well as in the three-dimensional pyrochlore
lattice (PRB, 2019). We have furthered our understanding of frustrated magnetism in quantum materials
by developing an understanding of the complex phenomenology of the Mn304 spinel by formulating a
model that incorporates the interplay of orbital, spin and lattice degrees of freedom. This has helped us
in proposing Mn304 as a candidate in the search for materials that can host orbital-spin liquid states of
matter (PRB, 2017).

Ongoing research in my group includes extending our novel renormalization group method to the study
of Mott transitions in the two-dimensional Hubbard on the square lattice at, and away from, half-filling
(two works in New J. Phys., 2020). These works offer insight into how superconductivity emerges from
purely repulsive strong inter-electronic correlations. Several other prototypical models have been
studied as well (two works in Nucl. Phys. B, 2020). We have also developed a novel entanglement
renormalization approach that has been applied to the Hubbard model (JPCM, 2022), reduced BCS
pairing model (PRB, 2021) and models of strongly correlated electrons in 1D (JHEP, 2021). We have also
developed a low-energy theory for the Kondo cloud (PRB, 2022) for the very first time, as well as
obtained exact results for how many-particle quantum information measures can capture the
topological entanglement entropy of a topologically ordered quantum system by using a graph topology
based approach (PRA, 2022).

Future goals include (i) furthering the development of a theory for topological order, (ii) working
towards a classification scheme for quantum matter based on insights learnt from fermionic criticality,



(iii) connecting measures of multipartite entanglement with experimental observables, and (iv)
developing an analytic understanding of the inner workings of auxiliary model approaches for strongly
correlated electronic systems (e.g., dynamical mean-field theory).



