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Program Schedule
QMAT 2024

Organized by IIT Guwahati, 20" -23" December 2024

Day 0, 20" Dec 2024 (Friday):

Time Events
11:00-12:00 Registration
12:00-13:45 Lunch
14:15-14:50 Inauguration
15:00-16:00 Public Lecture (Mandar M. Deshmukh, TIFR Mumbai, India)
16:00-16:30 High Tea
16:30-19:00 Registration Continued

19:00-onwards

Dinner

Day 1, 215" Dec 2024 (Saturday):

Day 1:

Parallel Session-1

Session Chair: Rajdeep Sensarma

Time Speaker Title of the talk
7:30-9:00 Breakfast & Registration
9:00 - 9:30 Diptiman sen Kinetically constrained models showing
Hilbert space fragmentation
9:30-10:00 Ajit C Balram Static structure factor and the dispersion of
the Girvin-MacDonald-Platzman density-mode
for fractional quantum Hall fluids on the
Haldane sphere
10:00 - 10:15  |Manodip Routh  |Emergent Quadrupolar Order in the Spin-1/2
Kitaev-Heisenberg Model
10:15-10:30 | Ankit Gill Speed Limits and Scrambling in Krylov Space
10:30 -11:00 Tea/Coffee
Day 1: Session Chair: Diptiman Sen
Parallel Session-1
11:00 - 11:30 | Sumilan Banerjee |Measurement-Induced Superconductor-

Insulator Transition in Weakly Monitored
Josephson Junction Arrays




11:30 - 12:00  |Rajdeep Phase Transitions in Twisted Bilayer Graphene
Sensarma
12:00 - 12:15  Subhasis Shit Reducing the vortex entanglement via Pb
substitution in the charge reservoirs of Bi-
2212 superconductor
12:15-12:30 Jagannath Singlet, triplet, and mixed all-to-all pairing
Sutradhar states emerging from incoherent fermions
12:30 - 14:00 Lunch
Day 1: Parallel Session Chair: Mandar M. Deshmukh
Session-1
14:00 - 14:30 | Satyajit Banerjee Exploration of emergent rich strongly
correlated state in SmBe and a comparison of
this system with a conventional topological
insulator BizSes
14:30 -15:00  |Ravi Prakash Superconducting Natural Heterostructures: A
Singh Novel Platform  for Unconventional
Superconductivity
15:00 -15:15 | Shubham Patel  |Electron-phonon coupling, critical
temperatures and gaps in NbSez/MoS2 Ising
Superconductors
15:15 -15:30 Souvik Banerjee |Unconventional vortex states in the Chevrel
phase superconductor PbMosSes
15:30 - 16:00 Tea/Coffee
Day 1: Parallel Session Chair: Satyajit Banerjee
Session-1
16:00-16:30 Sudeep Kumar Origin of Sign change in Thermopower of
Ghosh Strained SrzRuO4
16:30- 17:00 | Mintu Mondal Exceptionally slow and long-range critical
fluctuations anticipate the singularity in
second order phase transition
17:00- 17:15 Supriya Ghosal  |Bi based half-Heusler alloys: Potential
candidates for thermoelectric applications
17:15- 17:30 Sorav Karan Robust and Thermally Stable Pinning
Mechanisms Behind the High Jc State of
HTSC-TMC NPs Nanocomposites
17:30-18:00 Tea/Coffee
17:30-19:00 Poster presentation/Scientific Discussions




19.00 onwards

Banquet Dinner

Day 1:
Parallel Session-2

Session Chair: Vidya Kochat

Time Speaker Title of the talk
7:30-9:00 Breakfast & Registration
9:00 - 9:30 Debraj Choudhury |Tuning dielectric responses and polar-
instabilities in orthorhombic rare-earth
chromates
9:30 - 10:00 Tamalika Banerjee |Large Tunneling magnetoresistance in all-
oxide magnetic funnel junctions with
perpendicular magnetic anisotropy
10:00 - 10:15 | Sudipta Optically enhanced negative differential
Chakrabarty resistance in reduced graphene oxide
coated silicon nanorods
10:15-10:30 | Mouli Roy Frustration driven low-temperature spin-
Chowdhury glass behavior and short-range correlations
in tri-cation spinel
10:30 -11:00 Tea/Coffee
Day 1: Session Chair: Tamalika Banerjee
Parallel Session-2
11:00 - 11:30 | Ashis Kumar Tailoring Topological Phases and Anomalous
Nandy Hall Effect in Noncollinear
Antiferromagnets
11:30 - 12:00  |Biplab Sanyal Complex magnetism and spin transport in
two-dimensional magnets
12:00 - 12:15 | Simrandeep Kaur |Controlling the Particle-hole symmetry in
fractional Quantum Hall state in ABA
trilayer graphene.
12:15-12:30 | Mijanur Islam Electron-phonon coupling induced topological
phase transition in an a-T3 Haldane-Holstein
model
12:30 - 14:00: Lunch
Day 1: Session Chair: Tulika Maitra
Parallel Session-2
14:00 - 14:30 Vidya Kochat Broken symmetry quantum Hall states, layer

hybridization and screening effects in




twisted bilayer graphene at intermediate
angles

14:30 -15:00 Kausik Majumdar | Exciton-Exciton Interaction in a Moiré
Superlattice: Repulsive or Attractive?

15:00 -15:15 Hilol Biswas Various phases of a discrete time crystal in
driven central spin model

15:15 -15:30 Simrandeep Kaur | Controlling the Particle-hole symmetry in
fractional Quantum Hall state in ABA
trilayer graphene.

15:15 - 16:00: Tea/Coffee
Day 1: Session Chair: Chandra Shkehar Yadav
Parallel Session-2
16:00-16:30 Thermopower probing emergent local
Anindya Das moments in magic-angle
twisted bilayer graphene

16:30 - 17:00 | Atindra Nath Pal  |Nontrivial transport in driven by charge-
density-wave in 1T-TaS:

17:00- 17:15 Ajit Kumar Dash | Uftilizing low energy electron beam
irradiation for ultrasharp single photon
emitter generation in monolayer transition
metal dichalcogenides

17:15- 17:30 Ajay Pratap Singh | Spin caloritronics and magneto-

Rana thermoelectric effect in two-dimensional
magnetic materials

17:30-18:00 Tea/Coffee

17:30-19:00 Poster presentation/Scientific Discussions

19.00 pm onwards Banquet Dinner
Day 1: Session Chair: Anindya Das

Parallel Session-3

Time Speaker Title of the talk
7:30-9:00 Breakfast & Registration
9:00 - 9:30 Chandan Bera Electron and phonon transport properties in
two-dimensional magnetic materials
9:30 - 10:00 Prasana Kumar Engineering  Excitons in 2D  Lateral

Sahoo

Heterostructures and Devices




10:00 - 10:15 | Nikhil Malviya Experimental Extraction of Phonon Scattering
Lifetimes in vdW Materials Using Transient
Grating
10:15-10:30  |Manvi Verma Digital Twin Enabled Understanding and
Modulation of Nucleation Density for
Optimized 2D Material Synthesis
10:30 -11:00 Tea/Coffee
Day 1: Session Chair: Anamitra Mukherjee
Parallel Session-3
11:00 - 11:30 | Angom Dilip Kumar | Topological entanglement entropy from exact
Singh diagonalization
11:30 - 12:00 | Amal Medhi Convolutional restricted Boltzmann machine
correlated variational wave function for the
Hubbard model on a square lattice
12:00 - 12:15 | Kuntal Topological phase transition through electron-
Bhattacharyya phonon interaction in an alpha-T3 quantum spin
Hall insulator
12:15-12:30 | Anirban Das Generation of Macroscopic Entanglement via
Quantum Annealing
12:30 - 14:00: Lunch
Day 1: Session Chair: Biplab Sanyal
Parallel Session-3
14:00 - 14:30 Anjan Barman Ultrafast Magnetization Dynamics in 2D
Material/Ferromagnet Heterostructures
14:30 -15:00 Swapan K Pati Computational Modeling of Materials for
Energy Storage and Generation
15:00 -15:15 Sk Kalimuddin Free Sliding Charge Density Wave: A
Dynamical Critical Phenomenon
15:15 -15:30 Sagnik Chaudhuri | Stability of Emergent Conservation Laws in
Periodically Driven Quantum Systems
15:30 - 16:00: Tea/Coffee
Day 1: Parallel Session Chair: Arnab Sen
Session-3
16:00-16:30 Vijay Shenoy Edge Theories of Fractonic Systems
16:30 - 17:00 | Anamitra Spin-excitations of low-dimensional cuprates
Mukherjee beyond linear response




17:00- 17:15 Ramita Sarkar A maximum concurrence criteria to investigate
absolutely maximally entangled states

17:15- 17:30 Tista Banerjee Entanglement transitions and role of emergent
symmetry in non-Hermitian integrable Floquet
systems

17:30-18:00 Tea/Coffee

17:30-19:00 Poster presentation/Scientific Discussions

19.00 onwards Banquet Dinner
Day 2, 22" Dec 2024 (Sunday):
Day 2: Session Chair: Arijit Saha

Parallel Session-1

Time Speaker Title of the talk
7:30-9:00 Breakfast

9:00 - 9:30 Tanmoy Das Fractional, Entangled and Quasi Orbitals

9:30 - 10:00 Arnab das Unprotected Emergent Conservation Laws in
Interacting Quantum Matter

10:00 - 10:15  |Nilanjan Roy Superlattice induced electron percolation
within a single Landau level

10:15-10:30  Saikat Mondal Percolation transition in a topological phase

10:30 -11:00: Tea/Coffee

Day 2: Parallel Session Chair: Tanmoy Das

Session-1

11:00 - 11:30 | Arijit Saha Distinguishing between topological Majorana
and frivial zero modes via transport and
shot noise study in an altermagnet
heterostructure

11:30 - 12:00  Soumya Bera Many-body localization dynamics

12:00 - 12:15  Subhamita Inverse Melting in A Pinned Vortex Liquid

Sengupta

12:15-12:30  |Pooja Saini Revival of the Hofstadter butterfly in the
Presence of various disorders and
Correlation Strength

12:30 - 14:00: Lunch

Day 2: Parallel Session Chair: Ravi Prakash Singh




Session-1

14:00 - 14:30 | Ajaya Kumar Non-coplanar magnetic structure driven
Nayak Large Anomalous Hall Effect in electron
doped Mn3Sn
14:30 -15:00 | Kalpataru Pradhan | Strain-driven magnetic reorientation in
transition metal oxides
15:00 -15:15 | Mantu Modak Unusual magnetic properties of TbRuzGe:
compound
15:15 -15:30 Arun B 2D broadband FMR data acquisition with
Vector Network Analyzer and
Determination of Asymptotic Lande g-
Factor
15:30 - 16:00: Tea/Coffee
Day 2: Parallel Session Chair: Pratap Roychaudhuri
Session-1
16:00-16:30 Mandar M High temperature Josephson diode
Deshmukh
16:30 - 17:00 | Chandra Sekhar Signature of point nodal superconductivity
Yadav in the Dirac semimetal PdTe
17:00- 17:15 Debika Debnath Diode effect in quantum dot-based
Josephson junction
17:15- 17:30 Somak Basistha |Linear and Non-Linear response in the mixed
state of superconducting NbN and a-MoGe
thin films using a low-frequency two-coil
mutual inductance technique
17:30-18:00 Tea/Coffee
17:30-19:00 | Poster presentation/Scientific Discussions
19.00 pm onwards: Dinner
Day 2: Session Chair: Sudip Chakraborty

Parallel Session-2

Time Speaker Title of the talk
7:30-9:00 Breakfast
9:00 - 9:30 Indra Dasgupta Spin-orbit driven emergent phases in
quantum materials
9:30-10:00 | Amrita In search of spin orbit driven ferroelectric




Bhattacharya Rashba swtitches in Perovskite oxides
10:00 - 10:15 | Dipanwita Influence of band convergence on the
Bhattacharjee thermoelectric transport properties of
CoBi-based half-Heusler alloys
10:15 - 10:30 | Ankita Electric field induced second-order
Bhattacharya anomalous Hall fransport in unconventional
Rashba system
10:30 -11:00: Tea/Coffee
Day 2: Parallel Session Chair: Indra Dasgupta
Session-2
11:00 - 11:30 | Arnab Sen Fate of many-body localization in an Abelian
lattice gauge theory
11:30 - 12:00 | Uday Narayan TBA
Maiti
12:00 - 12:30 | Sudip Chakraborty |Computational Roadmap of Emerging
Materials: Implications of Piezochromism
and Rashba Physics
12:30 - 12:45 | Subhajyoti Pal Theoretical analysis of multi-spin
Excitations in 2D Antiferromagnet probed
by Resonant Inelastic X-ray Scattering
(RIXS)
12:45 - 14:00: Lunch
Day 2: Session Chair: Surajit Saha
Parallel Session-2
14:00 - 14:30 | Aveek Bid Universality of quantum phase transitions in
the integer and fractional quantum Hall
regimes
14:30 -15:00 | Binoy K. Hazra Multifunctional properties of non-collinear
antiferromagnet Mn3Sn
15:00 -15:15  Snehasish Sen Theory of Polar Skyrmions in Layered
Structure of Ferroelectric Perovskites
15:15 -15:30 Shaili Sett Impact of antiferroelectric moiré domains
on a graphene field-effect transistor
15:30 - 16:00: Tea/Coffee
Day 2: Session Chair: Swapan K Pati

Parallel Session-2




16:00-16:30 Bahadur Singh Spin U(1) quasi-symmetry and quantized spin
Hall effect in puckered lattice materials

16:30 - 17:00 | Mukul Kabir Reversible Quantum Phases in Magnetic
Topological Insulators

17:00-17:30 | Souvik Paul Trends in magnetic interactions of
transition-metal trilayers under electric
fields

17:30-18:00 Tea/Coffee

17:30-19:00 | Poster presentation/Scientific Discussions

19.00 pm onwards: Dinner
Day 2: Session Chair: Kalpataru Pradhan

Parallel Session-3

Time Speaker Title of the talk
7:30-9:00 Breakfast
9:00 - 9:30 Ramesh Chandra  |Field induced magnetic transition in the
Nath double frillium lattice antiferromagnet
KBaCr2(POa)3

9:30-10:00 | Surajit Saha Tuning the robust magnetic properties in
MPS3 ( M= Mn, Fe, and Ni)

10:00 - 10:15 | Amit Vashist Magnetic phase transitions in an
antiferromagnetic topological insulator
probed by nanomechanical resonators

10:15-10:30 | Suraj S. Hegde Emergent fopology and its signatures in
dissipative dynamics of topological
condensed matter.

10:30 -11:00: Tea/Coffee

Day 2: Session Chair: Sumilan Banerjee
Parallel Session-3
11:00 - 11:30 | Sudhansu S Solution of a Spin-1/2 Trimer Chain and
Mandal Experimentally Verifiable Quantities

11:30 - 12:00 |V Ravi Chandra Spin wave interactions in the pyrochlore
Heisenberg model with Dzyaloshinskii-
Moriya terms

12:00 - 12:15  Biplab Pal Engineering flux-controlled flat bands and
topological states in a Stagome lattice

12:15 - 12:30 Kuldeep Suthar Non-Hermitian Many-Body Localization and




Skin Effect

12:30 - 14:00: Lunch
Day 2: Session Chair: Sudeep Kumar Ghosh
Parallel Session-3
14:00 - 14:30  Kush Saha Frequency-selective amplification of
nonlinear response in strongly correlated
bosons
14:30 -15:00 | Auditya Sharma | Interplay of external drive and long-range
hopping in the PLRBM model.
15:00 -15:15 | Deepak Gaur Non-Equilibrium Dynamics of Ultracold
Bosonic Gases: Insights from Cluster Mean
Field Theory
15:15 -15:30  |Naba Prakash Weak topological insulator phase in two-
Nayak dimensional chiral symmetry class and
universality of Anderson fransition in chiral
class
15:30 - 16:00: Tea/Coffee
Day 2: Session Chair: Kush Saha
Parallel Session-3
16:00-16:30  Rejish Nath Commensurate supersolids and re-entrant
fransitions in an extended Bose-Hubbard
ladder
16:30 - 17:00 |Sreejith Ganesh  |Full distribution of local observables in an
Jaya exactly solvable current carrying steady
state of a driven XXZ chain
17:00- 17:15 | Mainak Pal Scar-induced imbalance and anomalous mid-
spectrum zero modes in Rydberg ladders
with staggered detuning
17:15- 17:30 | Rajat Sharma Temperature-induced supersolidity in spin-
orbit-coupled Bose gases
17:30-18:00 Tea/Coffee
17:30-19:00 Poster presentation/Scientific Discussions
19.00 pm onwards: Dinner
Day 3,23/12/24 (Monday):
Day 3: Session Chair: Sreejith Ganesh Jaya
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Parallel Session-1

Time Speaker Title of the talk
7:30-9:00 Breakfast
9:00 - 9:30 Nayana Shah Systematically compactifying the tfwo-
channel Kondo model: fermions o bosons and
back in a consistent way
9:30 - 10:00 | Awadhesh Narayan Non-Linear Hall Effect in Flatlands and
Chiral Crystals
10:00 - 10:30  Arti Garg Trade-off relations between quantum
coherence and measure of many-body
localization
10:30 - 10:45 | Koushik Dey Negative Capacitance for Stabilizing the
Logic State in a Tunnel Field-Effect
Transistor
10:45 -11:00: Tea/Coffee
Day 3: Session Chair: Amrita Bhattacharya
Parallel Session-1
11:00 - 11:30 Nitesh Kumar Goniopolarity in an Altermagnetic System
11:30 - 12:00 | Thirupathaiah SnooeCr3Tes: A Skyrmion Superconductor
Setti
12:00 - 12:15  Nayana Devaraj Interplay of altermagnetism and pressure in
hexagonal and orthorhombic MnTe
12:15 - 12:30  Krishnendu Patra | Origin of Multiple Lifshitz Transitions in
Weyl Semimetal RhSi
12:30-12:45 | Vinod Ashokan Many body correlation effects in electron-
electron quantum bi-wire systems
12:45 - 14:00: Lunch Break
Day 3: Session Chair: Nayana Shah
Parallel Session-1
14:00 - 14:30 | Akshay Singh Dynamics of Moire Excitons and Quantifying
Interfaces in 2D Heterostructure
14:30 -15:00 | Tapan Mishra Signatures of non-trivial doublon formation
using a quantum computer
15:00-15:30 | Malleswararao Chiral spin textures in Epitaxial Acentric
Tangi Quantum materials
15:30-15:45 Saisab Bhowmik Magnetism, Fermi surface reconstructions,

11




and Chern insulators in twisted bilayer
graphene

16:15-16:30 Tea/Coffee
16:30-17:00 Concluding Ceremony
19.00 pm onwards: | Dinner
Day 3: Session Chair: Angom Dilip Kumar Singh
Parallel Session-2
Time Speaker Title of the talk
7:30-9:00 Breakfast
9:00 - 9:30 Pankaj Kumar Structural and dynamics of ultra-dilute spin-
Mishra orbit coupled quantum droplet
9:30 - 10:00 | Ayan Khan Liquids and Solids in Ultracold Atomic Gases
10:00 - 10:15 | Swarup Kanti Interaction-induced spin-dependent
Sarkar localization of spin-1/2 Bose-Einstein
condensates in a random disorder potential
10:15 - 10:30 | Sonali Gangwar Structure and dynamics of imbalanced
quantum droplet in spin-orbit coupled Bose-
Einstein condensates
10:30-10:45 | Shawan K. Jha Energy spectra and fluxes of 2D turbulent
quantum droplet
10:45 -11:00: Tea/Coffee
Day 3: Session Chair: Akshay Singh
Parallel Session-2
11:00 - 11:30  |Pratap Superconductivity in fungsten
Raychaudhuri
11:30 - 12:00 | Srijani Mallik Exploring Rashba parameter and
superconductivity in anisotropic KTaOs3
based two-dimensional electron gases
12:00 - 12:30 | Satyabrata Patnaik Experimental Manifestations of Topological
Superconductivity
12:30-13:00  |Navaneetha Data-driven discovery of unconventional
Krishnan heat flow regimes in common
Ravichandran semiconductors
13:00 - 14:00 Lunch
Day 3: Session Chair: Awadhesh Narayan

12




Parallel Session-2

14:00 - 14:30 | Sebabrata Ultrafast Laser-inscribed Photonic
Mukherjee Topological Materials
14:30 -15:00 | Ashish Arora Novel high-performance differential
magneto-spectroscopy techniques: results
and challenges
15:00 -15:30 | Sudipto The interplay between magnetism and
Chakrabarti chemical binding
15:30-15:45  Debadrita Ghosh |Determining entanglement in spatial
photonic qutrit pair generated via pump
beam modulation technique.
15:45-16:00 | Surajit Dutta Visualizing isospin magnetic texture in
rhombohedral tetralayer graphene
16:00-16:15 | Aditi Chakrabarty |Absence of Wannier-Stark localization and
skin effect in driven non-Hermitian systems
16:15-16:30 Tea/Coffee
16:30-17:00 Concluding Ceremony
19.00 onwards: Dinner
Day 3: Session Chair: Nitesh Kumar

Parallel Session-3

Time Speaker Title of the talk
7:30-9:00 Breakfast

9:00 - 9:30 Tulika Maitra Emerging triferroicity and polar metallic
state in two dimensional rare-earth halide
based monolayers

9:30 - 10:00 | Atikur Rahman Effect of Defects and Strain on the
Optoelectronic Properties of Monolayer
TMDs

10:00 - 10:30  |Ratnadwip Singha |Using crystallographic motifs to search for
new quantum materials

10:30-10:45 Payal Wadhwa Machine learning-aided study of surface
reconstructions of Cuz0 (111) plane

10:45 -11:00: Tea/Coffee

Day 3: Session Chair: Ramesh Chandra Nath

Parallel Session-3
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11:00 - 11:30 | Udit Khanna Quantum Hall Phase Diagram in Bilayer
Graphene
11:30 - 12:00  Subhra Sen Gupta |Chaos and Eigenstate Multifractality in
Disordered Quantum Spin Systems and
some Special Random Matrix Models
12:00 - 12:30 | Bivas Dutta 1/2-quanta Thermal Conductance of an
Isolated Quantum Hall Channel
12:30 - 12:45 | Tuhin Maji Interface  Engineering of  Ag@Au
Nanohybrid for Ultra-strong Electron-
phonon Coupling and Non-classical Electron
Transport
12:45-13:00 Zainab Chowdhry | Investigation of magnetism in 2D material
MoS:
13:00 - 14:00: Lunch
Day 3: Session Chair: Thirupathaiah Setti
Parallel Session-1
14:00 - 14:30 | Pavan Nukala Emergent functions via proximity coupling of
Mott insulators with ferroelectrics
14:30 -15:00 | JThuma Sannigrahi | Unraveling the Magnetoelectric Coupling in
CaMn7012
15:00 -15:30 Saikat Bhaumik Luminescent metal halide perovskite
nanocrystals for various applications
15:30-15:45 Shalini Verma Investigation of Structural, Magnetic, and
Dielectric Behavior in Nd-Doped 6d3Fes012
multiferroic samples
15:45-16:00 Akriti Singh Investigating temperature-induced
structural phase fransition in Double
Perovskite oxides
16:00-16:15 Arpita Deb Singha |Canonical spin-glass dynamics in distorted
Kagom and Triangular lattices
16:15-16:30 Tea/Coffee
16:30-17:00 Concluding Ceremony
19:00 onwards Dinner
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List of Abstracts — Talks

Dayl Parallel Session -1



REF NO.: QMAT2024 TALKS 001 Day1 Parallel Session -1

Kinetically constrained models showing Hilbert space
fragmentation

Diptiman Sen*
Indian Institute of Science, Bangalore

We will discuss some models where kinetic constraints in the Hamiltonian lead to a shattering
of the Hilbert space into a large number of disconnected fragments. The Hilbert space
fragmentation may be strong or weak depending on the ratio of the size of the largest fragment
to the size of the full Hilbert space. Each fragment can be characterized in terms of a single
irreducible string (IS), such that all the states of that fragment can be reached via the
Hamiltonian starting from the IS. The number of states in a fragment can be obtained from the
structure of the IS. The nature of the dynamics can be completely different in different
fragments, being non-integrable in some fragments and integrable or even trivial in others. The
different behaviors can be understood by studying a variety of quantities, such as the energy
level spacing statistics, a plot of the half-chain entanglement versus the energy, the time-
evolution of autocorrelation functions, and the Loschmidt echo. We will illustrate all these ideas
using some one-dimensional lattice models with density-dependent hopping amplitudes
between nearest-neighbor sites..

References
[1] S. Aditya, D. Dhar and D. Sen, Phys. Rev. B 110, 045418 (2024).
[2] M. Ganguli, S. Aditya and D. Sen, arXiv:2409.15943.
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Saturday, 21st December, 2024 REF NO.: QMAT2024 TALKS 002

Static structure factor and the dispersion of the Girvin-MacDonald-Platzman density-mode
for fractional quantum Hall fluids on the Haldane sphere

Rakesh K. Dora and Ajit C. Balram*

Institute of Mathematical Sciences, CIT Campus, Chennai 600113, India,
Homi Bhabha National Institute, Training School Complex, Anushaktinagar, Mumbai 400094, India
*cb.ajit@gmail.com

We study the neutral excitations in the bulk of the fractional quantum Hall (FQH) fluids generated
by acting the Girvin-MacDonald-Platzman (GMP) density operator on the uniform ground state.
Creating these density modulations atop the ground state costs energy since any density
fluctuation in the FQH system has a gap stemming from the underlying inter-particle interactions.
We calculate the GMP density-mode dispersion for many bosonic and fermionic FQH states on
the Haldane sphere using the ground state static structure factor computed on the same
geometry. Previously, this computation was carried out on the plane. Analogous to the GMP
algebra of the lowest Landau level (LLL) projected density operators in the plane, we derive the
algebra for the LLL-projected density operators on the sphere, which facilitates the computation
of the density-mode dispersion. Contrary to previous results on the plane, we find that in the long-
wavelength limit, the GMP mode does provide an accurate description of the dynamics of the
primary Jain states.

Ref: Rakesh K. Dora and Ajit C. Balram, Static structure factor and the dispersion of the Girvin-
MacDonald-Platzman density-mode for fractional quantum Hall fluids on the Haldane sphere,
arXiv:2410.00165
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REF NO.: QMAT2024 TALKS 003 Day1 Parallel Session -1

Emergent Quadrupolar Order in the Spin-1/2 Kitaev-Heisenberg Model
Manodip Routh', Sayan Ghosh', Jeroen van den Brink>**, Satoshi Nishimoto®“, and Manoranjan
Kumar®
!S.N. Bose National Centre for Basic Sciences, Kolkata 700098, India.
“Institute for Theoretical Solid State Physics, IFW Dresden, 01069 Dresden, Germany.
*W urzburg-Dresden Cluster of Excellence ct.qmat, Germany
*Department of Physics, Technical University Dresden, 01069 Dresden, Germany.

Motivated by the largely unexplored domain of multi-polar ordered spin states in the Kitaev-
Heisenberg (KH) systems we investigate the ground state dynamics of the spin-1/2 KH model,
focusing on quadrupolar (QP) order in 2-leg ladder and two-dimensional honeycomb lattice
geometries. Employing exact diagonalization and density-matrix renormalization group methods,
we analyze the QP order parameter and correlation functions. Our findings reveal a robust QP order
across a wide range of the phase diagram, influenced by the interplay between Heisenberg and
Kitaev interactions. Notably, we observe an enhancement of QP order near Kitaev quantum spin
liquid (QSL) phases, despite the absence of long-range spin-spin correlations. This highlights a
complex relationship between QP order and QSLs, offering new insights into quantum magnetism
in low-dimensional systems. Our findings provide a rational explanation for the observed nonlinear
magnetic susceptibility in a-RuCls.
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Speed Limits and Scrambling in Krylov Space
Ankit Gill , Tapobrata Sarkar

We investigate the relationship between Krylov complexity and operator quantum speed limits
(OQSLs) of the complexity operator and level repulsion in random/integrable matrices and
many-body systems. An enhanced level-repulsion corresponds to increased OQSLs in
random/integrable matrices. However, in many-body systems, the dynamics is more intricate
due to the tensor product structure of the models. Initially, as the integrability-breaking
parameter increases, the OQSL also increases, suggesting that breaking integrability allows for
faster evolution of the complexity operator. At larger values of integrability-breaking, the
OQSL decreases, suggesting a slowdown in the operator’s evolution speed. Information-
theoretic properties, such as scrambling, coherence and entanglement, of Krylov basis
operators in many-body systems, are also investigated. The scrambling behaviour of these
operators exhibits distinct patterns in integrable and chaotic cases. For systems exhibiting
chaotic dynamics, the Krylov basis operators remain a reliable measure of these properties of
the time-evolved operator at late times. However, in integrable systems, the Krylov operator’s
ability to capture the entanglement dynamics is less effective, especially during late times.
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Measurement-Induced Superconductor-Insulator Transition in Weakly
Monitored Josephson Junction Arrays

Sumilan Banerjee and Purnendu Das
Centre for Condensed Matter Theory
Department of Physics, Indian Institute of Science

In quantum many-body systems, ‘measurement-induced phase transitions’ (MIPT), have
led to a new paradigm for dynamical phase transitions in recent years. | will discuss a
model of continuously monitored or weakly measured arrays of Josephson junctions (JJAs)
with feedback. Using a combination of a variational self-consistent harmonic
approximation and analysis in the semiclassical limit, strong dissipation limit, and weak
coupling perturbative renormalization group, | will show that the model undergoes re-
entrant superconductor-insulator MIPTs in its long-time non-equilibrium steady state as a
function of measurement strength and feedback strength. | will contrast the phase
diagram of monitored JJA with the well-studied case of dissipative JJA.
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Phase Transitions in Twisted Bilayer Graphene

Arindam Pramanik, Unmesh Ghorai, Rajdeep Sensarma
Tata Institute of Fundamental Research, Mumbai.

We study the normal state of twisted bilayer graphene in the carrier density range n/n_s =-2
and n/n_s =-3. We show that the system undergoes two phase transitions, from a inter-valley
coherent (K-IVC) state to a valley polarized state to an anomalous quantum hall state as a
function of carrier density. We calculate the phase diagram as a function of carrier density and
interaction strength. The symmetries of the different phases force the bandwidth of the low
energy bands to vary non-monotonically as a function of carrier density.
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Reducing the vortex entanglement via Pb substitution in the

charge reservoirs of Bi-2212 superconductor

Subhasis Shit", S. D. Das!, and T. K. Nath!

1Departmem of Physics, Indian Institute of Technology Kharagpur, West Bengal 721302, India
*Email: subhasisshit1993@ gmail.com

Abstract: Doping at the charge reservoirs of cuprate superconductors has been shown to markedly en-
hance various superconducting properties. In this present study, a comprehensive comparative analysis
has been conducted on the vortex states and pinning potential (U) in Biy_, Pb,S12CaCus0g4s (x = 0,
0.5) superconducting samples. Although the pinning potential at zero temperature (U) (estimated in the
thermally activated flux flow (TAFF) model) decreases slightly upon doping, increased magnetic fields
hardly affect U, for the doped sample unlike the undoped one. This observation suggests a lower degree
of entanglement of vortex lines and reinforcement of plastic pinning by partial substitution of Pb ions in
the Bi sites. Besides, high superconducting transition temperature (7) and high critical current density
(J.), higher stability in U, at high magnetic field is also required for the technological applications. At
the vicinity of the vortex-glass state, the vortices may be frozen to the 2D vortex-glass state. In both
samples, the estimated critical exponent (.5) is smaller than 2.7, the lower limit of the 3D vortex-glass
state. Notably, doping Pb to Bi — 2212 superconductor results in a significant increase in the stability of
Uy at high magnetic fields, as well as the broadening of its pinned vortex-liquid region, while retaining a
high 7. value and this aspect has technological importance. Finally, an interesting vortex-phase diagram
featuring diverse vortex states has been constructed from the magneto-transport measurement, for both

undoped and Pb-doped samples.
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Singlet, triplet, and mixed all-to-all pairing states

emerging from incoherent fermions
Jagannath Sutradhar, Jonathan Ruhman, Avraham Klein

The electron-electron and electron-phonon coupling in complex materials
can be more complicated than simple density-density interactions, involving in-
tertwined dynamics of spin, charge, and spatial symmetries. This motivates
studying universal models with complex interactions, and whether BCS-type
singlet pairing is still the “natural” fate of the system. To this end, we construct
a Yukawa-SYK model with nonlocal couplings in both spin and charge chan-
nels. Furthermore, we provide for time-reversal-symmetry breaking dynamics
by averaging over the Gaussian Unitary ensemble rather than the Orthogonal
ensemble. We find that the ground state of the system can be an orbitally
nonlocal superconducting state arising from incoherent fermions with no BCS-
like analog. The superconductivity has an equal tendency to triplet and singlet
pairing states separated by a non-Fermi liquid phase. We further study the
fate of the system within the superconducting phase and find that the expected
ground state, away from the critical point, is a mixed singlet/triplet state. Fi-
nally, we find that while at Tc the triplet and singlet transitions are dual to
one another, below Tc the duality is broken, with the triplet state more sus-
ceptible to orbital fluctuations just by its symmetry. Our results indicate that
such fluctuation-induced mixed states may be an inherent feature of strongly
correlated materials
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Exploration of emergent rich strongly correlated state in SmBg and a
comparison of this system with a conventional topological insulator Bi.Se;

Sayantan Ghosh, Sugata Paul, Tamoghna Chattoraj, Amit Jash, Zachary Fisk, Satyajit
S. Banerjee* (*1ITK Dept of Physics; satyajit@iitk.ac.in)

Abstract:

We present results of our recent investigations [1,2] on a detailed comparison
sensitive pick-up response of SmB6 single crystal with that of a conventional
topological insulator (Tl), Bi2Se3 single crystal. Our studies identify the distinct
onset of three distinct temperature regimes for SmB6. These temperature
markers relate to the onset of Kondo localization in the system, followed by a
regime with strengthening of correlations leading to what is predicted to be a a
Kondo lattice with a Kondo gap and finally a third regime below the gap where we
the see the emergence unusual new features in SmB6. This is the regime where
we see the emergence of a high conducting surface state. This regime is explored
in detail to reveal novel features of correlations in this surface state along with
unique frequency dependence and non scalability of the data with varying drive.
These features suggest that in SmB6 the presence of unique strongly correlated
surface conductivity emerging just below the Kondo gap and we discuss its origin.
Along with the above measurements through a combination of sensitive AC and
DC excitation studies, we demonstrate that SmB6 exhibits Mott-like behaviour
with disorder-induced sublinear frequency dependence of the electrical response
at low temperatures. The study also reveals the presence of localized states, which
contribute to non-linear current-voltage characteristics and strong correlations in
the system. These insights are further supported by specific heat measurements,
indicating an intricate interplay between localized Schottky anomalies and
dissipationless states in the bulk. Our findings highlight the complex admixture of
correlated bulk and surface phases in SmB6, offering new pathways to explore
the physics of topological Kondo insulators. If time permits we will also discuss
our recent results on high sensitivity transport current imaging to visualize the
surface states to explore the topological states in these materials.

Ref.
[1] Sayantan Ghosh, Sugata Paul, Amit Jash, Zachary Fisk and S. S. Banerjee*, Phys.
Rev. B 108, 205101 (2023)

[2] Sayantan Ghosh, Sugata Paul, Tamoghna Chattoraj, Amit Jash, Zachary Fisk and
S. S. Banerjee* (submitted 2024)
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Superconducting Natural Heterostructures: A Novel Platform for Unconventional
Superconductivity

R. P. Singh
Indian Institute of Science Education & Research, Bhopal, India

The recent discovery of unconventional superconductivity in twisted bilayer graphene has
ignited a surge of interest in van der Waals (vdW) materials. This paradigm shift empowers us
to engineer heterostructures with tailored electronic properties. Naturally stacked
heterostructures, such as layered chalcogenides and misfit compounds, are particularly
promising due to their intrinsic layered structures. This built-in adaptability allows for precise
control over device functionality, potentially leading to simpler and more efficient devices.
Superconducting natural heterostructures form a new class of superconducting compounds. By
carefully combining layers, we can induce unconventional superconducting states with
intriguing properties like time-reversal symmetry breaking and nematic order.

In this presentation, I will discuss recent findings on the unconventional superconducting

characteristics of natural heterostructure superconductors.
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Electron-phonon coupling, critical
temperatures and gaps in NbSe>/MoS: Ising
Superconductors

Shubham Patell, Soumyasree Jenaz, A Taraphder1

lDepartment of Physics, Indian Institute of Technology, Kharagpur-721302,
India,

2Department of Chemistry, Indian Institute of Technology, Madras-600036,
India

e-mail:spatelphy@iitkgp.ac.in

Utilizing Migdal-Eliashberg theory of superconductivity within the first-
principles calculations, we work out the role of electron-phonon coupling
(EPC) and anisotropic superconducting properties of a recently discovered 2D
van der Waals heterostructure comprising a single layer of MoS2 and few
layers of NbSe2. We find strong EPC and a softening of phonon modes in the
lowest acoustic branch. While the single MoS2 layer does not actively
contribute to the EPC, it significantly elevates the superconducting critical
temperature Tc compared to monolayer NbSe2. This is attributed to the
degradation of the charge-density wave (CDW) by the MoS2 layer. Notably,
we observe a two-gap superconductivity in NbSe2/MoS2 and extend our
study to three layers of NbSe2. A reduction in Tc with increasing thickness of
NbSe2 is observed. Incorporation of spin-orbit coupling (SOC) suggests a
possible mechanism for Ising superconductivity. We find that SOC reduces
EPC while Tc is suppressed concomitantly by about 5K, leading to a closer
estimate of the experimental Tc.

Refs.
1. P. Baidya et al. Phys. Rev. B 104, 174510 (2021)
2. S. Patel et al. Phys. Rev. B 110, 014507 (2024)
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Unconventional vortex states in the Chevrel phase superconductor PbMosSeg?

Souvik Banerjee, A. Sundaresan.

Chemistry and Physics of Materials Unit, School of Advanced Materials, Jawaharlal Nehru
Centre for Advanced Scientific Research, 560064, Bengaluru, India
Abstract

We present a comprehensive investigation of superconducting properties in the Chevrel phase
compound PbMoeSes by x-ray diffraction, dc magnetization, resistivity, heat capacity, and magnetic
relaxation experiments. We determine a bulk superconducting transition temperature T. of 3.8 K. Key
superconducting parameters such as lower [uoHc1(0)] and upper [puoH2(0)] critical fields, coherence
length [§cL(0)], penetration depth [AcL(0)], Ginzburg-Landau parameter (x), Pauli paramagnetic field
(uoHs?), and Maki parameter (am) are obtained. The BCS model provides a reasonable description of
the heat-capacity data. An unconventional vortex state is evident from the investigation of the unusual
fishtail effect and nonmonotonous magnetic field dependency of the vortex pinning energy obtained
from the magnetic relaxation experiments, indicating a deviation from the ideal type Il
superconducting vortex, in PbMosSes. A detailed poH-T phase diagram has been drawn illustrating a
multiphase vortex crossover.

(b) (©
Normal state 2500 Jo.005
14
40.004
= Plastic creep like state —_ 2000
- I
T 0.1 « 1500 10.003
Ky 8 @
0.01L_Vortex solid state 2 1000 10.002
500 0.001
Meissner state
0.001 4 H '
} 0 ' 0.000
0 1 2 3 4 0 20 40 60 80 100 120 140

T(K) toH (mT)

Fig. 1: (a) Observation of ‘fishtail effect’ in isothermal magnetization associated with zHsp. (b) Multi-vortex
phase crossover in the detailed x4/ — T phase diagram. (¢) Unconventional vortex pinning is evident from the
non-monotonous dependency of pinning potential U, on the external applied magnetic field /4. The inset
shows magnetic relaxation fitted with the Anderson model.

References
1. Banerjee et al., Phys. Rev. B 110, 014512 (2024)

Email: souvikbanerjee@jncasr.ac.in
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Origin of Sign change in Thermopower of Strained Sr,RuO,
Neelanjan Chakraborti * !,Snehasish Nandy™, and Sudeep Kumar Ghosh**
! Department of Physics, Indian Institute of Technology, Kanpur 208016, India
? Department of Physics, National Institute of Technology Silchar, Assam, 788010, India
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Exceptionally slow and long-range critical fluctuations anticipate the
singularity in second order phase transition

Dr. Mintu Mondal
School of Physical Sciences, Indian Association for the Cultivation of Science, Kolkata, India

E-mail: sspmm4(@jiacs.res.in

Second-order phase transitions are prevalent across various disciplines in the natural sciences.
Traditionally, these transitions are understood through Ginzburg-Landau mean-field theory,
which describes the thermodynamic properties near the critical points. While the order
parameter fluctuations play a pivotal role in determining the critical properties of these systems,

direct experimental investigations have been lacking.

In this talk, I will discuss our recent experimental investigation of order parameter fluctuations
in a quasi-one-dimensional charge density wave (CDW) system., specifically (TaSe4)21 with
infinitely long TaSe4 chains. The (TaSe4)21 single crystal undergoes CDW transition at around
263 K. We are able to directly measure the CDW order parameter fluctuations via the resistance

fluctuation on account of their coupling to the dissipative normal carriers in pinned CDW state.

Our experimental findings reveal that the order parameter fluctuations are slow enough to
persist in the thermodynamic limit and dominate the phase transition over a wide temperature
window around the critical point. We observe that both the variance and the relaxation time of
these fluctuations increase dramatically, and their behavior becomes noticeably non-Gaussian.
These are classic signatures of "critical opalescence" and "critical slowing down," well-
anticipated phenomena in a critical transition. Our study provides new insights into the critical
behavior of electronic systems and contribute to a broader understanding of criticality across

various disciplines in natural sciences.

Reference: Sk Kalimuddin et al, Phys. Rev. Lett. 132, 266504 (2024)
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Bi based half-Heusler alloys: Potential candidates for thermoelectric
applications

Supriya Ghosalf, Sayan Paul, Swapan K. Pati

Theoretical Sciences Unit, School of Advanced Materials (SAMat), Jawaharlal Nehru Centre for
Advanced Scientific Research, Bangalore, Karnataka 560064, India

Email: Tsgphys08@gmail.com, sghosal@jncasr.ac.in

The unique feature of thermoelectric (TE) materials such as conversion of waste heat into
electricity projects them potential candidates for renewable energy harvesting process. During
last 15 years, half-Heusler (HH) materials, owing to their exceptional mechanical strength,
thermal stability and thermoelectric efficiency, becomes most promising TE materials for the
mid to high temperature waste heat management. In this study, we have investigated
thermoelectric characteristics of HH alloys XYBi (X: Ti, Zr, Hf; Y: Co, Rh, Ir). These HH
alloys possess formation energy in between -0.36 to -0.74 eV/atom. Not only energetic stability,
but also Born-Huang’s criteria related to mechanical characteristics and absence of imaginary
frequency in phonon spectra related to dynamical stability satisfied which dictates about
feasibility for experimental design. Electronic band structure analysis based on Heyd-Scuseria-
Ernzerhof (HSE06) functional including the effect of spin-orbit coupling suggest that except
HflrBi with semi-metallic nature, all other HH alloys exhibit semiconducting bandgap in
between 0.62-1.25 eV. Transport properties are achieved by solving semi-classical Boltzmann
transport equation in both electron and phonon aspects. Taking into consideration electro-
acoustic phonon and electro-optical phonon scattering processes, these HH alloys generate
thermoelectric figure of merit around 0.72-1.93 (0.56-1.98) for hole (electron) regime
respectively. Among these HH alloys, it is also possible to generate thermoelectric conversion
efficiency value up to 17% which enhances their possibility towards real world thermoelectric
applications. Thus, a possible thermoelectric device with its n-type and p-type legs as HH alloys
may shed light into thermoelectric device fabrications.

References:

1. I. Galanakis, P. H. Dederichs and N. Papanikolaou, Phys. Rev. B 2002, 66, 174429.
2. Z.Liu, S. Guo, Y. Wu, J. Mao, Q. Zhu et. al. Adv. Funct. Mater. 2019, 29, 1905044.
3. R. Gautier, X. Zhang, L. Hu et. al. Nat. Chem. 2015, 7, 308-316.
4. S. Paul*, S. Ghosal*, S. K. Pati 2024 (Manuscript under review).
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Robust and Thermally Stable Pinning Mechanisms Behind the High J. State of
HTSC-TMC NPs Nanocomposites

Sourav M Karan!-f, Tamoghna Chattoraj', Md. Arif Ali!, S. S. Banerjee'”

!Department of Physics, Indian Institute of Technology Kanpur, Kanpur, Uttar Pradesh
208016, India

T Email id: souraviitk20@jiitk.ac.in
*Email id: satyajit@iitk.ac.in

Abstract: We investigate the impact of the admixture of Co,C nanopowder on the critical
current density (/) of Bi-2223 high-temperature superconductor (HTSC). Our analysis of
compacted composite pellets of Bi-2223 admixed Co,C nanopowders, containing 0%, 0.05%,
and 2% Co2C by weight, identifies two distinct populations of Co2C: intra-granular speckles
(~30-40 nm) and inter-granular clusters (~0.1 um). The analysis of J.(H) and pinning force
(F,(H)) identifies a temperature (T') dependent crossover field (H,.). Across H,., the pinning
mechanism transitions from a regime that is a mix of conventional and unconventional to one
that is predominantly unconventional. Analysis below H,, reveals that Co.C clusters
decorating the grain boundaries in Bi-2223 and Co.C speckles lead to strong pinning features
with unconventional field and temperature dependence. Magnetization relaxation
measurements along with a three-dimensional pinning force analysis identify Co,C clusters
decorating the Bi-2223 grain boundaries as the predominant source of strong (unconventional)
pinning characteristics which are stable against large thermal fluctuations in the high 7 regime.
Our study shows vortex activation energies as high as 3000 meV retained in the high T regime
between 70 to 80 K. The strong pinning force range due to Co2C particles is estimated to be a
few nanometers at 80 K. The superconducting ferromagnetic properties of the Josephson
junctions at Co2C-decorated grain boundaries contribute to these robust pinning features at high
T. Our findings highlight the potential of transition metal carbide-HTSC nanocomposites to
enhance the performance of HTSC materials, particularly in applications operating at elevated,
liquid Nitrogen temperatures.
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Tuning dielectric responses and polar instabilities in some orthorhombic rare-earth chromates
Suryakanta Mishra, Debraj Choudhury

Department of Physics, Indian Institute of Technology Kharagpur

Rare-earth chromates exhibit varied functional properties. In this presentation, we shall discuss
our experimental results towards understanding and tuning of low-temperature dielectric
relaxations in some RCrO3 to design an otherwise lossy-dielectric to become a candidate high-
k dielectric material. Further, we shall discuss our experimental results towards designing a
general route to achieve room-temperature ferroelectricity of structural origin in a range of
rare-earth chromates.

References:

[1] S. Mishra, D. Choudhury J. App. Phys. 134, 144101 (2023).
[2] S. Mishra et al. Phys. Rev. B 107, 214104 (2023).

[3] S. Mishra et al. Phys. Rev. B 104, L180101 (2021).
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Large Tunneling magnetoresistance in all-oxide magnetic tunnel junctions
with perpendicular magnetic anisotropy

A.S. Goossens?, K. Samanta?, A. Jaman?, J.J.L. van Rijn?, W. Boubaker?,
E.Y. Tsymbal? and T. Banerjee!

1Zernike Institute for Advanced Materials, and Groningen Cognitive Systems and Materials Center,
University of Groningen, Nijenborgh 4, Groningen 9747 AG, The Netherlands

2Department of Physics and Astronomy, Nebraska Center for Materials and Nanoscience, University of
Nebraska, Lincoln, Nebraska 68588, USA

Present day spintronic devices utilize energy-efficient approaches for their operation, exploiting
schemes such as electric current, spin transfer torque and spin orbit torque. The essential
building block in such devices is the magnetic tunnel junction (MTJ) comprising of a complex
metallic magnetic stack designed to obtain the required magnetic anisotropy and includes a thin
insulating or ferroelectric layer as the tunneling barrier. The material and design aspects of such
MTJs are well explored and today includes antiferromagnets as active elements, expanding
computing primitives beyond spin to include orbitals and magnons for new applications.
Complex oxides, endowed with a rich phase space and exploiting strong correlation effects and
topology leading to emergent phenomena at their heterointerfaces are gaining prominence as
an important material class in this regard. The versatility of these materials in creating epitaxial
interfaces utilizing strain control, designing crystalline symmetry and tailoring spin-orbit
coupling effects are less explored but essential for new generation of MTJ.

In this work we use well-characterized epitaxial interfaces of ferromagnetic STRuO3 (SRO)
electrodes with SrTiO3 (STO) as insulating barriers, tailored to obtain perpendicular magnetic
anisotropy for studying spin-polarization tunneling. In recent works topological Hall effects,
Weyl fermions and topological textures such as skyrmion bubbles were reported in SRO. We
report, surprisingly large tunnelling magnetoresistance (TMR) and spin polarization across
SRO/STO/SRO MTJs with different electrode thicknesses persisting up to high voltage bias
and temperatures. Using density functional theory (DFT) calculations, we find the majority-
spin states of SRO to decay in STO according to the A1 band of STO, whereas the decay of the
minority-spin states follows the As.This results in a high transmission in the parallel state due
to a perfect correspondence between symmetry and spin while transmission in the anti-parallel
state is reduced because spins cannot be transmitted between majority-spin A; states and
minority-spin Asstates. The calculated TMR is found to be 1800%, lower than the
experimentally observed value. These new considerations that explains the experimental
findings are a new direction for MTJ spintronic devices and relevant for applications beyond
conventional MRAM s such as in new computing energy-efficient hardware.
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silicon nanorods
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Silicon technology has made an irreversible impact on our daily life by improving the modern technology in almost
every aspect of life such as computing, communication, energy and quantum technology [1]. However, the demand of
miniaturization for faster data communication results in increase of temperature of the device leading the microelectronic
technology towards a stagnancy until we can switch to photonic communication instead of electronic one. Silicon in
bulk form exhibit poor optoelectronic properties due to its indirect band gap nature, however in hano-dimension quantum
confinement of charge carriers resulting in widening of band gap. Consequently, the relaxation in k-selection rule for
transition between the edges of conduction band and the valance band establishes nanocrystalline Si a potential candidate
for photonic and photovoltaic applications. On the other hand, due to large surface to volume ratio Si nanocrystals get
easily oxidized in ambient air and this oxide layer becomes favorable for photoluminescence but detrimental to charge
transport and electroluminescence reducing the potential of Si nanocrystals for photonic communication [1-2]. This
problem may be possible to overcome by capping the quantum structures of Si with a transparent thin and conducting
material like graphene or reduced graphene oxide.
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Fig. 1: (a) Cross-sectional FESEM image of the device with the 3D topographic AFM image of SiNRs; I-V characteristics of SiNR
before and after addition of RGO (b) in dark and (c) under illumination with inset depicting the schematic device arrangements.

Motivated by the above aspects, in this work we have explored the effect of illumination on charge transport through an
amine functionalized reduced graphene oxide (RGO) coated nanocrystalline Si layer containing Si nano-rods (SiNR).
Si nano-rods (SiNR) prepared by well-known electrochemical etching process on a p-type electropolished bulk Si
substrate are clearly visible in 3D topographic atomic force microscopic (AFM) image (Fig. 1(a)). RGO has been
prepared by modified Hummer’s method followed by the characterization through FTIR and Raman spectroscopy [2].
Metallic contact on the layer containing SiNRs has been established through deposition of Aluminium (Al) using thermal
evaporation technique. Schematic cross-section of FESEM image of the device is shown in Fig. 1(a). I-V measurements
have been performed between two Al contacts on the SiNR layer in dark and under illumination and this process is
repeated by addition of RGO drop by drop between the electrodes on the SiNR layer as depicted in the schematic inset
Fig. 1(b,c). The most salient feature is the negative differential resistance (NDR) obtained in the voltage regime ~8V
like a tunnel diode already reported elsewhere in case of SiNR only [3]. The overall current including NDR through
SiNR obtained in dark gets enhanced ~8 times after addition of RGO (Fig. 1(b)) whereas the photo-current after addition
of RGO is ~20 times higher than that was before addition of RGO (Fig.1(c)). NDR has got enhanced a lot after addition
of RGO under illumination. The conductivity is increasing with increasing amount of RGO. So, the addition of highly
conducting RGO is enhancing the light assisted charge transport process indicating that this RGO coated SiNR
composite has the potential to be used in the area of photoconduction as well as to have application in oscillators and

amplifiers at mmtmuaueitequ&nc;LtQuhegblamﬂcLND&—
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Frustration driven low-temperature spin-glass behavior and short-range
correlations in tri-cation spinel
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ABSTRACT

Magnetically diluted compounds can be experimentally derived from conventional long-range
ordered spinels like Cos0, or Mn3;0. by site-specific elemental substitution at one or both of the
cationic sites, tetrahedral (A) and octahedral (B), in the spinel lattice [1]. Such systems often provide
an exciting platform to study magnetic frustration and random anisotropy leading to the loss of long-
range magnetic order and emergence of exotic low-temperature phases like the spin-glass (SG) phase.
In this work, we studied a doubly-diluted derivative of Mn3;O, exhibiting ferrimagnetic ordering,
leading to a tri-cation spinel oxide: ZnMnCoOs (ZMCQ). This system was synthesized using
conventional solid-state synthesis techniques from binary transition metal oxides (ZnO, MnO,, and
Co30.4) as precursors. All of the A-sites in the ‘parent’ MnzOs lattice got replaced by nonmagnetic
Zn%, while 50% of the B-sites got replaced by nonmagnetic Co®* leaving the system with only one
type of magnetic (Mn®") cations at the B-site.
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established a ‘hierarchically organized’ cluster SG
ground state. This was further confirmed by a non-

T (K)
»

10k %O Ferrimagnetic (short-range) state

exponential time evolution of isothermal remanent ‘9{ .

magnetization. The presence of only short-range W OO
ordering in the investigated system was b o ©
demonstrated by the absence of a A-shaped peak in o Splm'glaf's Statle .
the specific heat versus temperature data [2]. 0 10 20 30 40 50 60 70
Differential DC magnetic susceptibility plots H (kOe)

revealed another transition in the system above the

cluster SG phase. Above the ‘glassy’ transition, Fig 1. The phase diagram of ZMCO is
ZMCO exhibited ferrimagnetic behavior (Tey = 38 K)  mapped out on the T-H plane depicting the
with short-range magnetic correlations. A field- major phase transitions.

induced transition was also observed. All these are

represented on the T-H plane as shown in Fig. 1.

Thus, site-specific elemental substitution can lead to

magnetic frustration and short-range magnetic

correlations.

Keywords: Spinel oxides, Magnetic Frustration, Spin-glass.
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Tailoring Topological Phases and Anomalous Hall Effect in Noncollinear Antiferromagnets
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Noncollinear antiferromagnets (AFMs) have emerged as promising platforms for realizing novel topological
phases and unconventional transport phenomena. In this work, we investigate the interplay between magnetic
order and electronic topology in a class of planar noncollinear AFMs, Mn3; X (X=Sn, Ga, Ge) [1]. The magnetic
order is characterized by a vector chirality k, which can assume values of +1 or -1, and can be switched bet-
ween these states. We demonstrate that a subtle rotation (staggered) of the magnetic moments can induce a
topological phase transition from a nodal ring semimetal to a Weyl semimetal. This transition is accompanied
by a significant enhancement in the anomalous Hall conductivity, which can be tuned by manipulating the
magnetic orderFurthermore, we investigate the role of higher-order exchange interactions in stabilizing nonco-
planar magnetic states in electron-doped Mn3;Sn [2].These noncoplanar configurations give rise to a large sca-
lar spin chirality-induced anomalous Hall effect. Our findings highlight the potential of noncollinear AFMs
for realizing multifunctional spintronic devices with tunable transport properties.
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Complex magnetism and spin transport in two-dimensional magnets
Biplab Sanyal
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In recent years, the realization of magnetic long-range order in atomically thin two-
dimensional (2D) materials has shown a big potential in spintronic applications in ultrathin
magnets due to the possibility of manipulation of magnetism by external fields, strain or
proximity effects in van der Waals heterostructures. Specifically, the family of metallic
magnets Fen,GeTe; (n=3, 4, 5) has attracted a huge attention due to their high Curie
temperatures and intriguing properties. In this talk, | will present results obtained by ab initio
density functional theory, calculations of interatomic exchange interaction parameters and
Monte Carlo simulations. A particular emphasis will be given on the systematic study of the
electronic structure and magnetism of Fe,GeTe, magnets along with some critical discussions
on the importance of electron correlation with the aid of dynamical mean field theory, spin-
orbit coupling and effects of transition metal doping. Finally, some results on the spin-
polarized quantum transport will be shown for PtTe,/FesGeTe,/PtTe; van der Waals
heterostructures, especially on high tunnelling magnetoresistance.

[1] S. Ghosh, S. Ershadrad, V. Borisov, B. Sanyal, npj comp. mat. 2023, 9, 86 (2023)

[2] S. Ershadrad, S. Ghosh, D. Wang, Y. Kvashnin, B. Sanyal, J. Phys. Chem. Lett. 13, 4877
(2022)

[3] S. Ghosh, S. Ershadrad, B. Sanyal, 2D materials 11 035002 (2024)
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in ABA trilayer graphene.
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Abstract:

In this talk, | will present a detailed experimental study of the particle-
hole (PH) symmetry of the the abelian and a putative non-abelian
Fractional Quantum Hall (FQH) state about half filling in a multiband
system. Specifically, we focus on the lowest Landau level of the
monolayer-like band of Bernal stacked trilayer graphene (TLG). In
pristine TLG, the excitation energy gaps, Lande g factor, effective mass,
and disorder broadening of the FQH states is the same as their hole-
conjugate counterpart. This precise PH symmetry stems from the lattice
mirror symmetry that precludes Landau-level mixing. Infroducing a non-
zero displacement field D disrupts this mirror symmmetry, facilitating the
interaction and hybridization between the Ny = 0 of monolayer-like and
Ng = 2 bilayer-like Landau levels. This band hybridization eventually
leads to a violation of the particle-hole symmetry of the FQH states. We
find the one-third and two-fifth FQH states to be more robust against
Landau level mixing than their hole-conjugate states, which agrees with
theoretical predictions [1]. The Landau level mixing parameter « is
found to increase sharply with D. Our research identifies an external
factor that can be manipulated to adjust the particle-hole symmetry in
FQH states.
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Electron-phonon coupling induced topological phase transition in an «o-T3
Haldane-Holstein model
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We present impelling evidence of topological phase transitions induced by electron-phonon (e-ph)
coupling in an a-T3 Haldane-Holstein model that facilitates smooth tunability between graphene
(e« = 0) and a dice lattice (¢ = 1). The e-ph coupling has been incorporated via the Lang-
Firsov transformation which adequately captures the polaron physics in the high frequency (anti-
adiabatic) regime, and yields an effective Hamiltonian through zero phonon averaging at T' = 0.
While exploring the signature of phase transitions driven by polaron and its interplay with the
parameter «, we identify two regions based on the values of «, namely, the low to intermediate
range (0 < a < 0.6) and larger values of a (0.6 < a < 1), where the topological transitions host
distinct behaviour. There exists a single critical e-ph coupling strength for the former, below which
the system behaves as a topological insulator characterized by edge modes, finite Chern number, and
Hall conductivity, with all of them vanishing above this value, and the system undergoes a spectral
gap closing transition. Further, the critical coupling strength depends upon «. For the latter case
(0.6 < a < 1), the scenario is more interesting where there are two critical values of the e-ph coupling
at which trivial-topological-trivial and topological-topological-trivial phase transitions occur. Our
study shows a significant difference with regard to the well-known unique transition occurring at
a = 0.5 (or at 0.7) in the absence of the e-ph coupling, and thus underscores the importance of
interaction effects on topological phase transitions.

[1] L. M. Cangemi, A. S. Mishchenko, N. Nagaosa, V. B 107, 123118 (2023).
Cataudella, and G. D. Filippis, Phys. Rev. Lett. 123, [4] T. Venanzi, L. Graziotto, F. Macheda, S. Sotgiu, T. Ouaj,
046401 (2019). E. Stellino, C. Fasolato, P. Postorino, V. Miseikis, M. Met-
[2] A. Camacho-Guardian, N. Goldman, P. Massignan, and zelaars, P. Kogerler, B. Beschoten, C. Coletti, S. Roddaro,
G. M. Bruun, Phys. Rev. B 99, 081105(R) (2019). M. Calandra, M. Ortolani, C. Stampfer, F. Mauri, and L.
[3] C. Lu, M. Zhang, H. Wang, Q. Ai, and T. Liu, Phys. Rev. Baldassarre, Phys. Rev. Lett. 130, 256901 (2023).
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Broken symmetry quantum Hall states, layer hybridization and screening effects
in twisted bilayer graphene at intermediate angles
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ABSTRACT

Twisted bilayer graphene (TBLG) at intermediate twist angles (3° < 8 < 8°), forms a bilayer two-
dimensional electron/hole gas system with sub-nm layer separation, in which the momentum mismatch
between the Dirac cones of individual layers leads to a breakdown of interlayer coherence. This
removes the layer degree of freedom from the spin and valley degrees of freedom of individual layers
resulting in eight-fold degeneracy in the Landau levels (LL). Here, we discuss the role of charge
imbalance, layer hybridization and broken symmetries in the Quantum Hall (QH) states of twisted
bilayer graphene with intermediate twist angle. The longitudinal magnetoresistance (Rx) minima and
the corresponding QH plateaus were observed at total filling factors, v, Similar to Bernal-stacked
BLG, but with magnetic field, B-dependent LL crossings at large vit, where the QH sequence changes.
This is attributed to the charge carrier imbalance between the top and bottom layers arising from partial
screening of the gate field (Vc) where the filling of LLs of each layer is determined by the
compressibility of the bottom layer and the charging energy of the top layer. At low filling factors the
broken symmetry QH states were observed where the spin, valley and layer degeneracies are broken,
with a QH insulator state emerging at viot = 0. In addition to these, a notable B-dependent hysteresis
emerged in the Ry - Ve sweeps which can be understood as charge localization in individual layers
manifesting in asymmetric charge distribution between the layers. These results provide a
comprehensive understanding of layer hybridization, screening and charge localization in the QH
states of twisted bilayer graphene at intermediate twist angles.
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A twisted hetero-bilayer hosts a special type of excitons - the inter-layer excitons — where the
constituent electrons and holes are spatially located in two different layers due to a type-ll
heterojunction. Such excitons exhibit an in-plane transition dipole and an out-of-plane permanent
dipole moment - allowing a strong tunability through external stimulus. These excitons exhibit
intricate moiré superlattice effects when trapped in a periodic array of potential wells resulting from
the moiré effect in the hetero-bilayer.

In this talk, | shall show our experimental efforts in understanding the inter-exciton interaction by
cleverly enhancing the local exciton density even at a low optical power through exciton funneling in
a strained WS,/WSe; moiré superlattice. While interaction among inter-layer excitons is usually
perceived as repulsive in nature, | shall show evidence of a switching from repulsive to attractive
interaction owing to the anisotropic dielectric screening. Such attractive interaction has intriguing
implications such as stabilization of moiré biexciton and other higher order excitonic complexes.
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Various phases of discrete time crystal in driven central spin
model
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Abstract: We propose and characterize a driving protocol for an interacting central spin system to
establish a perfect period doubling time crystal phase at certain values of interaction strength for any
initial state and any system size. The nature of the time crystal depends on the odd-even parity of the
number of satellite spins. Alongside the numerical simulation, we provide an analytical explanation
for this behavior. Then we explore the sensing capability of this system to measure the interaction
between the central spin and the satellite spins. The time crystal phase shows enhanced sensitivity as
we see the Quantum Fisher Information scales as N* (N being the system size). Along with this, we
find some period 12 and period 24 time crystal at some finely tuned values of interaction strength.
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Thermopower probing emergent local moments in magic-angle
twisted bilayer graphene

Ayan Ghosh, Souvik Chakraborty, Ranit Dutta, Adhip Agarwala, K. Watanabe, Taniguchi, Sumilan Banerjee,
Nandini Trivedi, Subroto Mukerjee and Anindya Das

Abstract: Recent experiments on magic-angle twisted bilayer graphene (MATBLG) have
revealed the formation of flatbands, suggesting that correlation effects are likely to dominate
in this system. Yet, a global transport measurement showing distinct signatures of strong
correlations like local moments arising from the flatbands is missing. Utilizing thermopower
as a sensitive global transport probe for measuring entropy, we unveil the presence of emergent
local moments through their impact on entropy. Remarkably, in addition to sign changes at the
Dirac point (v = 0) and full band filling (v = £4), the thermopower of MATBLG demonstrates
additional sign changes at the location, veross ~ £1, which do not vary with temperature from
5K to ~ 60K. This is in contrast to sensitive temperature dependent crossing points seen in our
study on twisted bilayer graphene devices with weaker correlations. Further, we have
investigated the effect of magnetic field (B) on the thermopower, both B|| and BL. Our results
show a 30% and 50% reduction, respectively, that is consistent with suppression seen in the
layered oxide due to the partial polarization of the spin entropy. The observed robust crossing
points, together with suppression in a magnetic field, cannot be explained solely from the
contributions of band fermions; instead, our data is consistent with the dominant contribution
arising from the entropy of the emergent localized moments of a strongly correlated flatband.
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The interplay between charge density wave (CDW) formation and electron correlations can
lead to the emergence of novel topological phases in materials. In this talk | will focus on a
well-known CDW systems,1T-TaSz. In quasi-2D 1T-TaSz, below approximately 150 K, the
system transitions from a nearly commensurate (NC) to a commensurate (C) CDW phase. Here,
we show that the NC-CDW to C-CDW phase transition is marked by the emergence of a finite
planar Hall and nonlinear Hall effect, alongside sign changes in the ordinary Hall and
thermoelectric signals, indicating the reconstruction of the Fermi surface in the C-CDW phase.
Our theoretical calculations suggest that the C-CDW phase, stabilized by specific layer
stacking, breaks both mirror and inversion symmetries. This leads to finite Berry curvature and
a substantial Berry curvature dipole, giving rise to the observed planar Hall and nonlinear Hall
effect. Our study highlights the nontrivial topological properties of 1T-TaS; and opens new
possibilities for developing innovative topological sensors. Finally, 1 will show new
experimental data at lower temperatures (below 30 K). We observe the emergence of
topological Hall effect below ~ 10 K, followed by a sign change in the planar Hall signal ~ 15
K, suggesting another phase transition driven by unusual spin textures. Thus, we provide
emergence of different quantum phases driven by electron correlation and layer stacking in the
CDW phase of 1T-TaSo.

References:

1. Nonlinear and Planar Hall Effects as Probes of Nontrivial Topology in 1T-TaS; Driven by
CDW Transition, Rafiqul Alam et al., (under review).

52



REF NO.: QMAT2024 TALKS 029 Day1 Parallel Session -2

Utilizing low energy electron beam irradiation for ultrasharp single photon emitter
generation in monolayer transition metal dichalcogenides
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Single photon emitters (SPEs) hosted by two dimensional (2D) materials are building blocks of modern
guantum technologies including quantum computing and quantum communication. In this aspect, defect
and strain engineering of 2D transition metal dichalcogenides (TMDs) can create deterministically placed
bound exciton manifolds ideal for quantum applications [1].

Atomically thin MoS; is the most extensively studied TMD. Despite wide range of defect and strain
engineering techniques utilized elsewhere, helium ion beam irradiation is the only successful method
employed for single photon generation in MoS;[2]. An alternative is the use of electron beam irradiation,
which has lower momentum than the ion beam, and is expected to minimize surrounding lattice damage
and improve SPE performance. In our earlier work, we demonstrated that ultralow energy electron beam
irradiation can be used to create defects in monolayer MoS; [3]. Now, we demonstrate formation of
ultrasharp defect bound exciton manifolds in hBN-encapsulated MoS; by low energy electron irradiation
[4]. The ultrasharp (< 1 meV) defect bound excitons show very low spectral jittering (< 200 ueV), ideal
for guantum technologies. Magneto-optics experiments suggest that the sharp peaks originate from sulfur
vacancies and their complexes. Further, the defect emission is circularly polarized at finite magnetic fields
which is indicative of the spin nature of defects. Finally, deterministic defect creation with high spatial
resolution (~ 50 nm) was demonstrated by localized electron irradiation. In summary, we utilized ultra-
low energy electron beam for the first time for localized SPE generation in monolayer MoS,. These
ultrasharp, stable SPEs have potential applications in photonics and quantum technologies. This work will

also motivate studies on the defect creation mechanisms at ultralow energy electron irradiation.

[1] Dash, A.K. et al., Bull Mater Sci 44, 227 (2021)
[2] K. Barthelmi, et al., Appl. Phys. Lett. 117 (7) 070501 (2020)
[3] Dash, A.K. et al., 2D Mater. 10 035002 (2023)
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Spin caloritronics and magneto-thermoelectric effect in two-dimensional mag-
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Category: Oral
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Spin caloritronics and magneto-thermoelectric effect in two-dimensional materials can convert
waste heat into beneficial electrical power in devices. In our recent work, density functional theory
(DFT), combined with the semi-classical Boltzmann transport equation, is used to investigate con-
ventional thermoelectric (TE) effects, the Spin-Seebeck Effect (SSE), and the Anomalous Nernst
Effect (ANE). Our research reveals a high Spin Seebeck coefficient near the Fermi level at room
temperature, underscoring the strong suitability of these materials for spin caloritronics applica-
tions. We also focus on understanding the role of spin-phonon coupling, which critically influences
the thermoelectric performance of these monolayers. We will also discuss the figure of merit of
conventional TE, Spin-Seebeck Effect, and Anomalous Nernst Effect (ANE) for the 2D materials
and the possibility of further improving these figures of merit.
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Electron and phonon transport properties in two-dimensional magnetic materials
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A basic understanding of the transport properties of phonons and electrons in two-dimensional
materials is vital for designing new devices. In this talk, | will focus on the calculation of thermal
and electron transport in two-dimensional magnetic materials using the Density functional theory
and the Boltzmann transport equation. | will also discuss the different scattering mechanisms
contributing to the transport properties of these materials.
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