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TAQM 2018 Program Schedule 
16th to 20th December 2018 

 
Day 0 16th December 2018:  Tutorials Venue: AG 66 

 

Time Speaker Title of talk  

10:00-11:15am 
(60min+15min 
questions) 

Charles Kane 
 

Topological Band Theory 

11:15-11:45am Tea+ coffee break 
 

11:45-1:00pm 
(60min+15min 
questions) 

Krishnendu Sengupta Aspects of ballistic transport in 
topological systems 

1:00-2:00pm 
 

Lunch 

2:00-3:15pm 
(60min+15min 
questions) 

Steve Kivelson Anomalous Metals and Failed 
Superconductors 

3:15-3:45pm 
 

Tea+ coffee break  

3:45-5:00pm 
(60min+15min 
questions) 

Subir Sachdev Emergent gauge fields 

5:00–6:30pm TIFR lab tour for students  

7:00-8:00pm 
       

Dinner 
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Day 1- 17th December 2018   Venue: Homi Bhabha Auditorium 

 

Time Speaker Title of talk  

9:45am-10:00am Workshop starts 
 

Session Chair: S. Ramakrishnan 

10:00-10:45am 
(37min+8min 
questions) 

Claudia Felser 
 

Magnetic Weyl Semimetals! 

10:45-11:15am Tea+ coffee break 

11:15-12:00noon 
(37min+8min 
questions) 

Krishnendu Sengupta Transport in junctions of Weyl and 
Multi-Weyl semimetals 

12:00-12:45pm 
(37min+8min 
questions) 

Tomoya Higo Large spontaneous responses at 
room temperature in the Weyl 
antiferromagnet Mn3Sn for 
topological antiferromagnetic 
spintronics 

12:45-1:45pm 
 

Lunch 

Session Chair: H. R. Krishnamurthy 

1:45-2:30pm 
(37min+8min 
questions) 

Jainendra Jain FQHE: New Topological Orders & 
Beyond 

2:30-3:15pm 
(37min+8min 
questions) 

Sumathi Rao Spin mode switching in quantum Hall 
states 

3:15-3:45pm Tea+ coffee break 

3:45-4:30pm 
(37min+8min 
questions) 

Sid Parameswaran Topology, symmetry, and disorder in 
quantum Hall valley nematics 

4:30-5:15pm 
(37min+8min 
questions) 

Sreejith GJ Search for Exact Hamiltonians for 
General FQH States in the Lowest 
Landau Level 

5:15-6:45pm Group Photo near Vishnu statue followed by 
Poster Session I (posters will be available till the end of the 
workshop) 

7:00-8:00pm 
       

Dinner 
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Day 2- 18th December 2018       Venue: Homi Bhabha Auditorium        

Time Speaker Title of talk 

Session Chair: K. Damle 

10:00-10:45am 
(37min+8min 
questions) 

Hong Ding Topological superconductivity and 
Majorana bound state in Fe-based 
superconductors 

10:45-11:15am Tea+ coffee break 

11:15-12:00noon 
(37min+8min 
questions) 

Vidya Madhavan STM studies of the superconducting 
phase of the FeSe0.5Te0.5 

12:00-12:45pm 
(37min+8min 
questions) 

Arindam Ghosh Electrical properties of quantum 
states at the boundary of graphene 

12:45-1:45pm 
 

Lunch 

Session chair: V. Tripathi 

1:45-2:30pm 
(37min+8min 
questions) 

Umesh Waghmare First-principles Theoretical Analysis 
of Electronic Topology in Crystals 
and their Technologically Relevant 
Properties 

2:30-3:15pm 
(37min+8min 
questions) 

Arijit Kundu Spin-spin correlation as a probe of 
topology 

3:15-5:00pm 
 

Poster Session II with Tea/Coffee  

 5:00-7:30pm 
 
45 minutes +15 
minutes for questions 
 
30 minutes tea + 
coffee break 
 
45 minutes +15 
minutes for questions 

Public lectures  

Steve Kivelson “Superconductivity:  Quantum Mechanics at the 
Macroscopic Scale” 

& 

Charles Kane “The Emergence of Topological Quantum Matter” 

 7:30-8:30pm 
       

Dinner 
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Day 3- 19th December 2018     Venue: Homi Bhabha Auditorium 

 

 

 

 

Day 4- 20th December 2018    Venue: Homi Bhabha Auditorium 

 

 

Updated: 11th December 2018  

Time Speaker Title of talk 

Session chair:  S. Dhar 

10:00-10:45am 
(37min+8min 
questions) 

Steve Nagler Possible Kitaev spin liquid physics and 
topological transitions  in RuCl3 

10:45-11:15am Tea+ coffee break 

11:15-12:00am 
(37min+8min 
questions) 

Eric Spanton Fractional Chern insulators in 
graphene heterostructures   

12:00-12:45pm 
(37min+8min 
questions) 

Charles Kane Fractional excitonic insulator 

12:45-1:45pm lunch 

Time   

2:00-6:00pm Half a day Mumbai sightseeing tour. Signup by 17th December 
evening on a signup sheet at the desk outside the Homi Bhabha 
Auditorium. 

Time Speaker Title of talk 

Session chair:  P. Raychaudhuri 

10:00-10:45am 
(37min+8min 
questions) 

Steve Kivelson How can we disentangle the roles of 
the various intertwined orders in the 
cuprates? 

10:45-11:15am Tea+ coffee break 

11:15-12:00noon 
(37min+8min 
questions) 

Suchitra Sebastian Superconductivity at high magnetic 
fields in the underdoped cuprates 

12:00-12:45pm 
(37min+8min 
questions) 

Subir Sachdev Gauge theories for the cuprates near 
optimal doping 

12:45pm-1:45pm Lunch 
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Poster Presenter  Title of poster  

1. Ganesh C Paul Probing Majorana Bound States in Noncentrosymmetric 
Superconductor 

2. Krishanu Sadhukhan New Gapless Plasmon Mode in Type-II Bulk Dirac Semi-metal 

3. Sougata Mardanya Spin orbit coupling driven crossover from a starfruitlike nodal 
semimetal to Dirac and Weyl semimetal state in CaAuAs. 

4. Barun Ghosh Topological hourglass Dirac semimetal in the nonpolar phase of 
Ag2BiO3 

5. Sonu Verma Non-local control of spin-spin correlation in finite geometry 
helical edge 

6. Souvik Bandyopadhyay Dynamical symmetry breaking induced current generation in 
driven 1D topological systems 

7. Kamal Das Linear and Anisotropic Magneto-transport in Tilted Weyl 
Semimetals 

8. Sayan  Jana Interplay of Topology and Correlation In Lieb Lattice 

9. Roopayan Ghosh Ramp and Periodic Dynamics across non Ising critical points 

10. Bashab Dey Photoinduced valley and electron-hole symmetry breaking in -
T 3 lattice                                        

11. Subhadeep Bandyopadhyay Strain-induced Quantum Topological Phase Transition: A Density 
Functional  Approach 

12. Sourav Biswas Luttinger Liquid behaviour in Irradiated Bi-Layer Graphene 

13. Moumita Indra Collective spin density excitations of fractional quantum Hall 
states in rotating Bose Einstein condensation 

14. Priyanka Sinha Conductivity and edge states in a zigzag Kane-Mele nanoribbon 

15. Debasmita Giri Spin-Spin Correlation in Weyl Semimetal 

16. Rekha Kumari Josephson current through the surface states of Weyl 
semimetals 

17. Monalisa Singh Roy Majorana Modes in a Non-Superconducting Wire? 

18. Poonam Kumari In search of planar Bismuthene 

19. Chanchal 
Kumar 

Barman Quaternary Heusler Alloy: An Ideal Platform to Realize Triple 
Point Fermion 

20. Ruchi  Saxena Adiabatic qantised charge pumping 

21. Subhajit  Sinha Quantum Hall measurements in edgeless graphene devices 

22. Subhamoy Ghatak Anomalous Fraunhofer pattern in Josephson junctions based on 
a bulk-insulating topological insulator BiSbTeSe_2 

23. Biswajit Datta Filling-enforced quantum oscillation phase shift anomaly in few-
layer graphene 

24. Supriya Mandal Strong coupling between magnons and photon 

25. Abhisek Samanta Two particle Spectral Function for disordered s-wave 
Superconductors: Local Maps and Collective Modes.  

26. Jaykumar Vaidya Magneto-transport and chiral anomaly in Weyl semimetal 

27. Saurabh Basu Controlled engineering of spin polarized transport in graphene 
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Abstracts 

Magnetic Weyl Semimetals! 

Claudia Felser1, Johannes Gooth1, Kaustuv Manna1, Enke Lui1 and Yan Sun1 

1Max Planck Institute Chemical Physics of Solids, Dresden, Germany 

 

Topology a mathematical concept became recently a hot topic in condensed matter physics and 

materials science. One important criteria for the identification of the topological material is in 

the language of chemistry the inert pair effect of the s-electrons in heavy elements and the 

symmetry of the crystal structure [1]. Beside of Weyl and Dirac new fermions can be identified 

compounds via linear and quadratic 3-, 6- and 8- band crossings stabilized by space group 

symmetries [2]. Binary phosphides are the ideal material class for a systematic study of Dirac and 

Weyl physics. Weyl points, a new class of topological phases was also predicted in NbP, NbAs. 

TaP, MoP and WP2. [3-7]. In magnetic materials the Berry curvature and the classical AHE helps 

to identify interesting candidates. Magnetic Heusler compounds were already identified as Weyl 

semimetals such as Co2YZ [8-10], in Mn3Sn [11,12] and Co3Sn2S2 [13].  

The Anomalous Hall angle helps to identify even materials in which a QAHE should be possible in 

thin films. Besides this k-space Berry curvature, Heusler compounds with non-collinear magnetic 

structures also possess real-space topological states in the form of magnetic antiskyrmions, 

which have not yet been observed in other materials [14]. 

 

[1] Bradlyn et al., Nature  547  298, (2017) arXiv:1703.02050 

[2] Bradlyn, et al., Science 353, aaf5037A (2016). 

[3]  Shekhar, et al., Nature Physics 11, 645 (2015)  

[4]  Liu, et al., Nature Materials 15,  27 (2016)  

[5]  Yang, et al., Nature Physics 11, 728 (2015) 

[6] Shekhar,  et al. preprint arXiv:1703.03736 

[7] Kumar, et al., Nature Com. ,  preprint arXiv:1703.04527  

[8] Kübler and Felser, Europhys. Lett. 114, 47005 (2016) 

[9]   Chang et al., Scientific Reports 6, 38839 (2016) 

[10] Kübler and Felser, EPL 108 (2014) 67001 (2014) 

[11] Nayak, et al., Science Advances 2 e1501870 (2016)   
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[12] Nakatsuji, Kiyohara  and Higo, Nature  527 212 (2015)   

[13]      Liu, et al. preprint arXiv:1712.06722 

[14] Nayak, et al., Nature 548, 561 (2017) 
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Transport in junctions of Weyl and Multi-Weyl semimetals 

Krishnendu Sengupta 

Indian Association for the Cultivation of Science 

We study transport across junctions of a Weyl and a multi-Weyl semimetal separated by a region 

of thickness d which has a barrier potential U0. We show that in the thin barrier limit, the 

tunneling conductance G across such a junction becomes independent of the dimensionless 

barrier strength. We demonstrate that such a barrier independence is a consequence of the 

change in the topological winding number of the Weyl nodes across the junction and point out 

that it has no analogue in tunneling conductance of either junctions of two-dimensional 

topological materials such as graphene or topological insulators or those made out of Weyl or 

multi-Weyl semimetals with same topological winding numbers. We study this phenomenon 

both for normal-barrier-normal (NBN) and normal-barrier-superconducting (NBS) junctions 

involving Weyl and multi-Weyl semimetals and discuss experiments which can test our theory.   
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Large spontaneous responses at room temperature in the Weyl 

antiferromagnet Mn3Sn 

for topological antiferromagnetic spintronics 

Tomoya Higo 1,2, Satoru Nakatsuji 1,2   

1 Institute for Solid State Physics, University of Tokyo  
2 CREST, Japan Science and Technology Agency (JST)  

 

Spintronics has attracted considerable attention because of potential applications in non-volatile 

data storage and low-power information processing. These applications are traditionally based 

on the control of magnetic moments in ferromagnetic (FM) materials. On the other hand, in the 

last few years, there has been a surge of interest in antiferromagnetic (AF) materials due to their 

favorable properties including vanishingly small stray field, faster spin dynamics, and abundance 

in nature compared to their FM counterparts [1]. However, it is also true that the absence of 

magnetization has made the AF state notoriously difficult to electrically detect (read-out) and/or 

externally manipulate unlike in the case of FM systems.  

As the first case in antiferromagnets, quite recently, Mn3Sn has been experimentally found to be 

a magnetic Weyl metal (Weyl magnet) [2,3] because of ferroic ordering of cluster magnetic 

octupoles based on the noncollinear AF spin texture [4]. The magnetic Weyl metal state allows 

to control the population of Weyl points and a large Berry curvature Ω(k)/fictitious field 

(equivalent to a few 100 T [2]) in the k-space by changing the AF ordering in the real space, 

suggesting that the various topological responses due to the large Ω(k) can be controlled by a 

small magnetic field of ~100 Oe in the Weyl antiferromagnet.  

In this talk, we will propose the Weyl antiferromagnet Mn3Sn as a promising material for the 

antiferromagnetic spintronics and energy harvesting technology. This is because Mn3Sn exhibits 

large spontaneous responses, which have never been seen in antiferromagnets at zero magnetic 

field, including anomalous Hall effect [2,5], anomalous Nernst effect [6], and magneto-optical 

Kerr effect [7] at room temperature despite their negligible magnetization.  

This work is based on the collaboration with M. Ikhlas, H. Man, D.Qu, T. Tomita, R. Arita, T. 

Koretsune, M.-T. Suzuki, D.B. Gopman, Liang Wu, O.M.J. van ’t Erve, Y. Li, Shull group (NIST), 

Orenstein group (UCB), Chen group (JHU), and Otani group (ISSP).  

   

[1] T. Jungwirth, X. Marti, P. Wadley, and J. Wunderlich, Nat. Nanotech. 5, 231 (2016).  

[2] S. Nakatsuji, N. Kiyohara, and T. Higo, Nature 527, 212 (2015).  
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[3] K. Kuroda, T. Tomita, S. Nakatsuji et al., Nat. Mater. 16, 1090 (2017).  

[4] M.-T. Suzuki, T. Koretsune, M. Ochi, and R. Arita, Phys. Rev. B 95, 094406 (2017).  

[5] T. Higo, D. Qu, Y. Li, C.L. Chien, Y. Otani, and S. Nakatsuji, Appl. Phys. Lett. (in press).  

[6] M. Ikhlas, T. Tomita, S. Nakatsuji et al., Nat. Phys. 13, 1085 (2017).  

[7] T. Higo, H. Man, D.B. Gopman, L. Wu, T. Koretsune, O.M.J. van ’t Erve, Y.P. Kabanov, D. 

Rees, Y. Li, M.-T. Suzuki, S. Patankar, M. Ikhlas, C.L. Chien, R. Arita, R.D. Shull, J. Orenstein, and S. 

Nakatsuji, Nat. Photon. 12, 73 (2018).  
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FQHE: New Topological Orders & Beyond* 

Jainendra Jain 

Penn State University 

This talk will report on two sets of new results. (i) The parton theory allows construction of 

fractional quantum Hall states that go beyond the composite fermion theory. The simplest new 

state, namely the “221” state at 1/2 filling, was tested in the early 1990s and found to be not 

competitive. I will describe recent works [1] that have shown that the parton theory provides 

natural candidates for certain enigmatic fractional quantum Hall states. (ii) I will present the most 

accurate theoretical calculations for the phase diagrams of the crystal and of the spinful fractional 

quantum Hall effect. These are in very good quantitative agreement with experiments and 

demonstrate the importance of Landau level mixing.  

  

[1] Y. Wu, T. Shi, JKJ, NanoLett 17, 4643 (2017); Balram, Barkeshli, Rudner, PRB 98, 035127 (2018); 

Balram et al. PRL, in press (2018); W.N. Fagno et al. unpublished. 

[2] Y. Zhang, A. Wojs, JKJ, PRL 117, 116803 (2016); J. Zhao, Y. Zhang, JKJ, PRL 121, 116802 (2018). 

 

* Supported by the National Science Foundation and the Department of Energy 
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Spin mode switching in quantum Hall states 

Sumathi Rao, Udit Khanna, Ganpathy Murthy and Yuval Gefen 

Harish-Chandra Research Institute 

We will briefly review edge reconstruction in the integer quantum Hall effect  due to charging 

effects  and changes in the smoothness of the edge potential.  

Then we will describe some recent work where we show how exchange interactions can cause a 

switching of the spin of the edge modes, causing like spins to come close to each other.  

We then demonstrate that this phenomenon is robust and has many verifiable experimental 

signatures in transport. 

 

[1] Phys. Rev. Lett. 119, 186804 (2017)  
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Topology, symmetry, and disorder in quantum Hall valley nematics 

Sid Parameswaran 

University of Oxford 

Quantum Hall states in multivalley semiconductors can have a rich phase diagram due to the 

interplay of topology, crystal symmetry, and quenched randomness from impurities. I will explore 

some of the resulting phenomenology from the perspective of a new class of valley-nematic 

quantum Hall states [1-3]. I will focus in particular on a series of recent scanning tunneling 

microscopy measurements on surface states of Bi in the quantum Hall regime [4], and show that 

they can be naturally explained in terms of crystal symmetry protection of gapless excitations in 

multi-channel interacting topological boundary modes [5]. 

 

[1] D.A. Abanin, S.A. Parameswaran, S.A. Kivelson and S.L. Sondhi, Phys. Rev. B 82, 035428 

(2010). 

[2] A. Kumar, S.A. Parameswaran,and S.L. Sondhi, Phys. Rev. B 88, 045133 (2013);  Phys. Rev. B. 

93, 014442 (2016). 

[3] S.A. Parameswaran and B.E. Feldman, arXiv:1809.09616 (2018). 

[4] M.T. Randeria, K. Agarwal, B.E. Feldman, H. Ding, H. Ji, R. J. Cava, S. L. Sondhi, S. A. 

Parameswaran, A. Yazdani, to appear (2018). 

[5] K. Agarwal, M.T. Randeria, A. Yazdani, S.L. Sondhi, and S. A. Parameswaran, 

arXiv:1807.10293 (2018). 
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Search for Exact Hamiltonians for General FQH States in the Lowest Landau Level 

Sreejith GJ 

IISER Pune 

We present a systematic analysis of few particle constraints arising from the root partition of the 

projected composite fermion wavefunctions, using the specific example of the nu=2/3 state of 

bosons. By considering Hamiltonians that impose an energy penalty to violation of these 

constraints, we attempt to numerically construct a few particle Hamiltonian for which this state 

is the exact, unique zero energy ground state at the respective flux sector. Through explicit 

calculation, we show that no Hamiltonian up to (and including) four particle interactions 

produces this state as the exact ground state, and speculate that this remains true even when 

interaction terms involving greater number of particles are included. Surprisingly, we find that 

there exists an interaction, which imposes an energetic penalty for a specific entangled 

configuration of four particles with relative angular momentum of 6ћ, that produces a unique 

zero energy solution (as we have confirmed for up to 12 particles). This constraint is outside the 

set of constraints imposed by the root partition but results in a zero energy state with the same 

root partition as well as same quantum numbers of neutral and quasiparticle excitations as the 

2/3 state. The quantum numbers of the quasihole excitations are also reproduced but with a 

vanishingly small gap separating the quasihole states from the bulk spectrum. 
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Topological superconductivity and Majorana bound state in Fe-based superconductors 

Hong Ding 

Institute of Physics, Chinese Academy of Science                                                                                    

In this talk I will report our recent discoveries of topological superconductivity and Majorana 

bound state in Fe-based superconductors, mostly in Fe(Te, Se) single crystals. We have 

discovered a superconducting topological surface state of Fe(Te, Se) with Tc ~ 14.5K by using 

high-resolution ARPES [1]. By using high-resolution STM on this material, we clearly observe a 

pristine Majorana bound state inside a vortex core, well separated from non-topological bound 

states away from zero energy due to the high ratio between the superconducting gap and the 

Fermi energy in this material [2]. This observation offers a new, robust plat-form for realizing and 

manipulating Majorana bound states, which can be used for quantum computing, at a relatively 

high temperature. We have also found that most of Fe-based superconductors [3], including 

mon-olayer Fe(Te, Se)/STO [4], have similar topological electronic structures.   

 

[1]  Peng Zhang, Koichiro Yaji, Takahiro Hashimoto, Yuichi Ota, Takeshi Kondo, Kozo Okazaki, 
Zhijun Wang, Jinsheng Wen, G. D. Gu, Hong Ding, Shik Shin, “Observation of topological 
superconductivity on the surface of iron-based superconductor”, Science 360, 182 (2018) 

[2] Dongfei Wang, Lingyuan Kong, Peng Fan, Hui Chen, Yujie Sun, Shixuan Du, J. Schneeloch, R.D. 
Zhong, G.D. Gu, Liang Fu, Hong Ding, Hongjun Gao, “Evidence for Majorana bound state in an 
iron-based superconductor”, Science 362, 334 (2018) 

[3]  Peng Zhang, Zhijun Wang, Yukiaki Ishida, Yoshimitsu Kohama, Xianxin Wu, Koichiro Yaji, Yue 
Sun, Cedric Bareille, Kenta Kuroda, Takeshi Kondo, Kozo Okazaki, Koichi Kindo, Kazuki Sumida, 
Shilong Wu, Koji Miyamoto, Taichi Okuda, Hong Ding, G.D. Gu, Tsuyoshi Tamegai, Ronny 
Thomale, Takuto Kawakami, Masatoshi Sato, Shik Shin, “Topological Dirac semimetal phase 
in the iron-based superconductor Fe(Te,Se)”,  arXiv: 1803.00846, accepted by Nature Physics 

[4] Xun Shi, Zhiqing Han, Pierre Richard, Xianxin Wu, Xiliang Peng, Tian Qian, Shancai Wang, 
Jiangping Hu, Yujie Sun, Hong Ding, “FeTe1−xSex monolayer films: towards the realization of 
high-temperature connate topological superconductivity”, Science Bulletin 62, 503 (2017) 
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STM studies of the superconducting phase of the FeSe0.5Te0.5 

Vidya Madhavan 

University of Illinois, Urbana-Champaign 

Majorana fermions can be realized as quasiparticle excitations in a topological superconductor, 

whose non-Abelian statistics provide a route to developing robust quantum computers. In this 

context, there has been a recent surge of interest in the iron-based superconductor, FeSe0.5Te0.5. 

Theoretical calculations have shown that FeSe0.5Te0.5 may have an inverted band structure which 

may lead to topological surface states, which can in turn host Majorana modes under certain 

conditions in the superconducting phase. Furthermore, recent STM studies have demonstrated 

the existence of zero-bias bound states inside vortex cores. While Caroli-de Gennes-Matricon 

states could also exist in vortex cores, there is substantial evidence suggesting that these ZBS 

may indeed be Majorana modes. Here, we report scanning tunneling spectroscopic 

measurements on FeSe0.5Te0.5. Using STS, we study the vortex bound states as well as boundary 

states to look for evidence of Majorana modes. We compare our data with calculations, and show 

that in the absence of fine-tuning, FeSe0.5Te0.5 behaves like a proximitized topological insulator 

where trapped and dispersing Majorana modes may be realized. 
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Electrical properties of quantum states at the boundary of graphene 

Amogh Kinikar, Md. Ali Aamir, A. Jayaraman, Semonti Bhattacharyya, Paritosh Karnatak, T. 

Phanindra Sai and Arindam Ghosh 

Indian Institute of Science 

The zigzag (ZZ) edge of both single and bilayer graphene is a perfect one dimensional (1D) 

conductor due to a set of zero energy gapless states that are topologically protected against 

backscattering. Competing effects of edge topology and electron-electron interaction in these 

channels have been probed with scanning probe microscopy, which reveals unique local 

thermodynamic and magnetic properties. Direct evidence of edge-bound electrical conduction, 

however, has remained largely elusive, primarily due to the lack of graphitic nanostructures with 

low structural and/or chemical edge disorder, as well as a clear understanding of the impact of 

edge disorder and confinement on electrical transport. In this talk I shall present experimental 

protocols to access pure edge transport in single and bilayer graphene, and unique electrical 

characteristics of such states. Using a new method to observe ballistic edge-mode transport in 

suspended atomic-scale constrictions of single and multilayer graphene, created during 

nanomechanical exfoliation of graphite, we observe quantization of conductance close to 

multiples of e2/h even at room temperature [1]. On the other hand, electrical transport in gapped 

bilayer graphene was found to occur through a set of purely one-dimensional states at the edge 

that are strongly localized in nature [2]. I shall highlight several unconventional features of these 

localized states. 

 

[1] A. Kinikar, T. P. Sai, S. Bhattacharyya, A. Agarwala, T. Biswas, S. Sarker, H. R. Krishnamurthy, 

M. Jain, V. Shenoy, A. Ghosh, Nature Nanotechnology (2017) doi:10.1038/nnano.2017.24. 

[2] M. A.  Aamir, P. Karnatak, A. Jayaraman, T. P. Sai, T. V. Ramakrishnan, R. Sensarma, and A. 

Ghosh Phys. Rev. Lett. 121, 136806 (2018). 
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First-principles Theoretical Analysis of Electronic Topology in Crystals and their 
Technologically Relevant Properties  

Umesh V Waghmare  

Jawaharlal Nehru Centre for Advanced Scientific Research 

We first introduce ideas of geometric phases, exotic transport behavior and electronic topology 

in crystalline materials, and illustrate them with specific examples of Z2 topological insulators 

(Bi2Se3), weak topological insulators (BiSe), topological crystalline insulators (SnTe), topological 

Weyl semi-metals (TaAs) and Dirac semi-metal (Na3Bi). We present a theoretical framework for 

a real-space picture of electronic topology, and illustrate it with applications to 2-D and 3-D 

topological materials. Many of these materials exhibit small band-gaps, strong electron-phonon 

coupling, and electronic topology that is tunable with strain. We present a generic topological 

phase diagram of a large family of half-Heusler compounds with strained structures maintaining 

a three-fold symmetry, and discover their highly robust non-centrosymmetric topological Dirac 

semimetallic state. Secondly as a consequence of their coupling to strain and external fields, we 

show that they exhibit (i) anomalies in phonons at a transition from normal to topological 

insulating states that can be observed as Raman anomalies, which involve break-down of Born 

Oppenheimer approximation, and (ii) anomaly in the thermal expansion coefficient, and (iii) 

attractive thermoelectric and catalytic properties.   
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Spin-spin correlation as a probe of topology 

Arijit Kundu 

Indian Institute of Technology, Kanpur 

In topological systems of interest, such as quantum Hall system and Weyl semimetals, we shall try 

to understand how the spin-spin coupling can be a probe of underlying nature of the system. 
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Public lecture 

Superconductivity:  Quantum Mechanics at the Macroscopic Scale 

Steve Kivelson 

Stanford University 

 

 

 

 

Public lecture 

The Emergence of Topological Quantum Matter 

Charles Kane 

University of Pennsylvania 
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Possible Kitaev spin liquid physics and topological transitions in RuCl3 
 

Steve Nagler 

Oak Ridge National Laboratory 

The S=1/2 honeycomb lattice magnetic insulator alpha-RuCl3 has been the subject of much 

interest as a possible manifestation of physics related to the Kitaev model.  At low temperatures 

the material orders antiferromagnetically in the zig-zag phase.  Despite this ordering, neutron 

scattering and spectroscopic measurements have provided evidence for a fractionalized 

magnetic excitation spectrum.  The magnetic order can be suppressed by a magnetic field of 7.5 

Tesla applied appropriately in the honeycomb plane, and this results in a disordered quantum 

phase that is likely some sort of quantum spin liquid.  This talk discusses the excitation spectrum 

as a function of field as measured with inelastic neutron scattering.  The spectrum shows features 

that may be evidence for a high field topological phase transition. 
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Fractional Chern insulators in graphene heterostructures 

Eric Spanton  

University of California - Santa Barbara 
 

Graphene is a highly tunable platform for studying the effects of electron-electron interactions 

in two dimensions. Encapsulation with a 2D dielectric (hexagonal boron nitride, hBN), and more 

recently the use of single-crystal graphite top and bottom gates have decreased the electronic 

disorder to a level suitable to study fragile and exotic strongly correlated states. Additionally, 

control of twist angle between closely-matched crystal lattices allows for unique control of 

electronic properties, leading to the “Hofstadter butterfly” and more recently unconventional 

superconductivity. I will describe the first experimental observation of a class of states in nearly 

aligned hBN/graphene heterostructures called fractional Chern insulators, a close relative of the 

fractional quantum Hall effect. In graphene, fractional Chern insulators arise in the presence of 

electron-electron interactions, high magnetic fields, and a long wavelength ‘moire’ superlattice 

formed by close alignment between hBN and graphene lattices. Twist angle between graphene 

and hBN, electron density and perpendicular electric field tune the underlying single-particle 

bands to realize different types of fractional Chern insulators. The realization of fractional Chern 

insulators opens the door for the study of novel topological phase transitions and exotic defect 

states. 
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Fractional excitonic insulator 

Charles Kane 

University of Pennsylvania 

We argue that a correlated fluid of electrons and holes can exhibit a fractional quantum Hall 

effect at zero magnetic field analogous to the Laughlin state at filling 1/m. We 

introduce a variant of the Laughlin wavefunction for electrons and holes and show that for m=1 

it describes a Chern insulator that is the exact ground state of a free fermion model with px +

ipy  excitonic pairing.   For m>1 we develop a composite fermion mean field theory, and we will 

give several pieces of evidence that our wavefunction correctly describes this phase.   We will 

present physical arguments that the m=3 state can be realized in a system with C6 rotational 

symmetry in which energy bands with angular momentum that differ by 3 cross at the Fermi 

energy. This leads to a gapless state with (px + ipy)3 excitonic pairing, which we argue is 

conducive to forming the fractional excitonic insulator in the presence of interactions. Prospects 

for numerics on model systems and band structure engineering to realize this phase in real 

materials will be discussed.  
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How can we disentangle the roles of the various intertwined orders in the cuprates? 

Steve Kivelson 

Stanford University 

In a relatively small range of doping the cuprates are now known to exhibit charge-density-wave, 

spin-density-wave, and nematic order, as well as the Neel anti-ferromagnetic and d-wave 

superconducting order for which the materials have long been famous.  A number of recent 

experiments have, moreover, shown increasingly compelling evidence of pair-density wave order 

in some portions of the phase diagram.  The interaction/competition between so many different 

orders inevitably leads to a phase diagram of extraordinary complexity.  I will discuss results from 

the simplest effective field theories of multiple strongly coupled order parameters as a 

phenomenological first-step towards an understanding of the resulting phenomena. 
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Superconductivity at high magnetic fields in the underdoped cuprates 

Suchitra Sebastian 

University of Cambridge 

I will discuss electrical transport measurements to probe superconductivity at very high magnetic 
fields in the underdoped cuprates. We find a surprisingly strong magnetic field resilience of 
superconductivity at low temperatures in these materials. I will explore the strong pairing scale 
revealed by these measurements to underlie a novel form of high field superconductivity in the 
underdoped cuprates. 
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Gauge theories for the cuprates near optimal doping 

Subir Sachdev 

Harvard University 

I will describe the phase diagram of a 2+1 dimensional SU(2) gauge theory of fluctuating 

incommensurate spin density waves for the hole-doped cuprates.  

Our primary assumption is that all low energy fermionic excitations are gauge-neutral and 

electron-like, while the spin density wave order is fractionalized into Higgs fields transforming as 

adjoints of the gauge SU(2). 

The confining phase of the gauge theory is a conventional Fermi liquid with a large Fermi surface. 

There is a quantum phase transition to a Higgs phase describing the ̀ pseudogap' at lower doping. 

Depending upon the quartic terms in the Higgs potential, the Higgs phase exhibits one or more 

of charge density wave, Ising-nematic, time-reversal odd scalar spin chirality, and Z2 topological 

orders. It is notable that the emergent broken symmetries in our theory of fluctuating spin 

density waves coincide with those observed in diverse experiments.  

 

 

 

 

 

 

 

 

 

 

 

 

 



30 
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