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EPQHS 2016 Program Schedule 
7th to 9th January 2016 

 

Day 1- 07th Jan 2016 

 

Time Speaker Title of talk  

8:45am-9:00am Workshop kickoff 
By Prof. Sandip Trivedi 
(Director Tata 
Institute)  

 
 
 

Session Chair: Aron Pinczuk 

9:00-9:35am 
(30min+5min questions) 

Mansour Shayegan 
 

Latest News from Princeton Flatlands! 

9:35-10:10am 
(30min+5min questions) 

 
Michael Zalatel 

DMRG studies of the fractional 
quantum Hall effect: evidence for 
Fibonacci anyons and Dirac composite 
fermions 
 

10:10-10:45am 
(30min+5min questions) 

 
Maissam Barkeshli 

Superconductivity Induced Topological 
Phase Transition at the Edge of Even 
Denominator Fractional Quantum Hall 
States 

10:45-11:00am Tea+ coffee break  

Session Chair: H. R. Krishnamurthy 

11:00-11:35am 
(30min+5min questions) 

Jainendra Jain Luttinger’s area rule, particle-hole 
symmetry and the nature of composite 
fermions 

11:35-12:10pm 
(30min+5min questions) 

Johannes Pollanen 
 

Heterostructure symmetry and the 
orientation of the quantum Hall 
nematic phases 
 

12:10-12:45am 
(30min+5min questions) 

Denis Maryenko Anomalous Hall effect in high electron 
mobility MgZnO/ZnO heterostructures 

12:45-1:30pm 
 

Lunch  

Session Chair: Xin-Cheng Xie 

1:30-2:05pm 
(30min+5min questions) 

Jagadeesh Moodera Ferromagnetic topological insulator and 
quantum transport 

2:05-2:35pm 
(30min+5min questions) 

Juergen Weis Scanning Probe Experiments on 
Quantum Hall Samples for more than a 
Decade: Hall Potential and Current 
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Distributions 

2:35-3:10pm 
(30min+5min questions) 

Asvin Vishwanath Dirac composite fermions in the half 
filled Landau level from particle-vortex 
duality and their experimental 
signatures 

3:10-3:25pm 
 

Tea+ coffee break  

Session Chair: E. V. Sampathkumaran 

3:25-4:00pm 
(30min+5min questions) 

Efrat Shimsoni Emergence of helical edge conduction 
in graphene at the ν=0 quantum Hall 
state 

4:00-4:35pm 
(30min+5min questions) 

Hu-Jong Lee Chiral Thermoelectric Transport in 
Graphene in the Quantum Hall Regime 

4:35-5:10pm 
(30min+5min questions) 

Duncan Haldane Geometry of the Fractional Quantum 
Hall Effect. 

5:10-5:30pm 
 

Break  

5:30-7:00pm 
        

Klaus von Klitzing Public lecture: From Quantum Hall 
Effect to a New System of Units 

7:00-8:30pm 
       

Dinner  

 

Day 2- 08th Jan 2016 

Time Speaker Title of talk 

Session Chair: Jim Eisenstein 

8:30-9:05am 
(30min+5min questions) 

David Goldhaber-
Gordon 

Precise Quantization of the Anomalous 
Hall Effect 

9:05-9:40am 
(30min+5min questions) 

Yong Chen Dirac Fermion Quantum Hall effect in 
Topological Insulators 

9:40-10:15am 
(30min+5min questions) 

Benedikt Friess Probing the spin and charge ordering in 
the quantum Hall regime 

10:15-10:30am Tea/Coffee  

Session Chair : Pushan Ayyub 

10:30-11:05am 
(30min+5min questions) 

Xi Lin Discovery of Competing 5/2 Fractional 
Quantum Hall States in Confined 
Geometry 

11:05-11:40pm 
(30min+5min questions) 

Gabor Csathy The observation of a transition from a 
fractional quantum Hall state to a 
stripe phase at ν=5/2 

11:40-12:15am 
(30min+5min questions) 

Michael Peterson Landau level mixing and non-Abelian 
anyons in the fractional quantum Hall 
effect 
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12:15-1:00pm 
 

Lunch  

Session chair: Sumathi Rao 

1:00-1:35pm 
(30min+5min questions) 

Sankar Das Sarma Non-Abelian Majorana Zero Modes in 
Semiconductors:  A Status Report 

1:35 -2:10pm 
(30min+5min questions) 

Yuval Oreg From an array of coupled quantum 
wires to three-dimensional fractional 
topological insulators 

2:10-2:45pm 
(30min+5min questions) 

Sudhanshu Mandal An Approach for Generalizing 
Laughlin's Theory 

2:45-3:00pm 
 

Tea/Coffee  

Session chair:  Vijay Shenoy 

3:00-3:35pm 
(30min+5min questions) 

Jun Zhu Topological edge states in biased 
bilayer graphene 

3:35-4:10pm 
(30min+5min questions) 

Mandar Deshmukh Tuning equilibration of edge states in a 
1D graphene superlattice 

4:10-6:00pm 
 

Poster session  

 6:00-7:30pm Kathak Dance Concert  

 7:30-8:30pm 
       

Dinner  

 

Day 3- 09th Jan 2016 

Time Speaker Title of talk 

Session chair:  Rui-Rui Du 

8:30-9:05am 
(30min+5min questions) 

Nitin Samarth Hybrid Topological Materials: from 
Novel Quantum Phases to Spintronics 

9:05-9:40am 
(30min+5min questions) 

Koji Muraki NMR probing of charge-density-wave 
states in the third Landau level 

9:40-10:15am 
(30min+5min questions) 

Chi Zhang Signature of Instability of Chiral 
Fermion in Ultraquantum Weyl 
Semimetal TaAs 

10:15-10:30am Tea/Coffee  

Session chair:  Deepak Dhar 

10:30-11:05am 
(30min+5min questions) 

Euy Heon Hwang 
Mobility versus quality in two 
dimensional semiconductor structures 
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11:05-11:40pm 
(30min+5min questions) 

Ravindra Bhatt Disorder Driven Quantum Hall 
Transitions 

11:40-12:15am 
(30min+5min questions) 

Rajdeep Sensarma Spin-Density Wave Instabilities in 
Biased Bilayer Graphene 

12:15-12:50am 
(30min+5min questions) 

Subir Sachdev Quantum phases of graphene 

12:50-1:15pm 
 

Posters  

1:15-2:00pm 
 

Lunch  
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SSID: EPQHS 
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List of Posters 

Poster Presenter Title of poster 

1. Manisha Arora 
Graphene under periodically modulated 
magnetic field 

2. Aditya Banerjee 

Pairing instabilities in the half-filled Landau 
level due to an interplay between gauge 
and nematic fluctuations. 

3. Rajib Batabyal 
1-D Modes On Step Edges Of The Putative 
Weak Topological Insulator Bi2TeI 

4. Ajit Coimbatore Balram 
Spin physics of fractional quantum Hall 
effect 

5. Biswajit Datta 
Spin and valley resolved Landau level 
crossing in tri-layer ABA stacked graphene 

6. Szymon Hennel 
Non-local polarization feedback in a 
fractional quantum Hall ferromagnet 

7. Bushra Irfan 
Magneto-transport behavior in cobalt 
doped Bi2Se3 topological insulators 

8. Chandan Kumar 

Unexpected conductance oscillation in 
bipolar regime of hBN encapsulated single 
layer graphene at high magnetic field. 

9. Shashi Kant Kunwar 

Spin-Selective localization transition in 
disordered interacting system in two 
dimensions: A Quantum Monte Carlo study 

10. Yuliya Kuznetsova 

Optical emission spectroscopy study of 
competing phases of electrons in the 
second Landau level 

11. ARJUN MANI 

Are quantum spin Hall edge modes more 
resilient to disorder, sample geometry and 
inelastic scattering than quantum Hall edge 
modes? 

12. Archana Mishra 
Interaction effects on the Hofstadter 
system in the honeycomb lattice 

13. Priyanka Mohan 
Slave fermion formalism for the tetrahedral 
chain 

14. PUJA  MONDAL 

Unconventional band structure for a 
periodically gated surface of a three 
dimensional Topological Insulator 

15. Sutirtha Mukherjee 

An algorithm for evaluating the composite 
fermion wave functions with negative 
effective magnetic field in the filling factor 
range   2/7 < ν < 1/3 
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16. Kiryl Pakrouski 

Particle-hole symmetry breaking through 
Landau level mixing in the second Landau 
level. 

17. Shreyas Patankar 

Resonant magneto-optic Kerr effect in 
ferromagnetic topological insulator thin 
films 

18. Sayonee Ray 
Assembling topological insulators with 
lasers 

19. LalitKumar Saini 
Correlation Effects on Spin-Polarized 
Electron-Hole Quantum Bilayers 

20. Sourabh Singh 
Linear Magnetoresistance in Topological 
Insulator Thin Films 

21. Abhiram Soori 

Quantum charge pumping - Flouquet states 
and adiabatic pumping in quantum spin Hall 
insulators 

22. P.V. Sriluckshmy Probing spin liquid by Raman response 

23. R.K. Gopal 

Two dimensional electron-electron 
interaction and weak antilocalization in 
topological insulator thin films 
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Notes & Abstracts 
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Latest News from Princeton Flatlands! 

Mansour Shayegan 

Princeton University 

My presentation will highlight our latest magneto-transport experiments that probe the physics 

of interacting 2D electrons (or holes). These include: (1) observation of rare fractional quantum 

Hall states at even-denominator (1/2) filling factor in 2D hole systems at an unusual crossing of 

the two lowest Landau levels; (2) tuning and measuring the shape and anisotropy of the Fermi 

surface of composite fermions, exotic quasi-particles composed of interacting electrons and 

magnetic flux, and (3) data suggesting that composite fermions themselves can be interacting 

and form their own fractional quantum Hall and Wigner solid states. I will also discuss a bilayer 

experiment where the composite fermions in one layer are used to probe an electron Wigner 

solid in the other layer. 
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DMRG studies of the fractional quantum Hall effect: evidence for Fibonacci anyons 

and Dirac composite fermions 

Michael P Zaletel 

Microsoft Research Station Q 

Recent advances in applying the density matrix renormalization group to quantum Hall systems 
allow us to obtain system sizes and measurements which were previously inaccessible. I will 
present studies of the plateaus at fillings 12/5 and 13/5, and the compressible phase at filling 
1/2. We find strong numerical evidence that the 12/5 plateau is in a Z3 Read-Rezayi phase 
whose lowest energy charged excitation is a non-Abelian Fibonacci anyon. In contrast, at filling 
13/5 Landau-level mixing favors an ordered “bubble” phase, in agreement with the 
experimental observation of a re-entrant integer quantum Hall plateau. I will then turn to the 
recent re-thinking of the composite Fermi liquid phase at ν = 1/2 in which the composite 
fermion is a Dirac particle. The structure factor of the ground state shows clear signs of an 
emergent Fermi surface and emergent gauge field. Furthermore, there is an absence of 
backscattering off particle-hole symmetric impurities, a tell-tale signature of the Dirac-nature of 
composite fermions. 
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Superconductivity Induced Topological Phase Transition at the Edge of Even Denominator 

Fractional Quantum Hall States 

Maissam Barkeshli 

Microsoft Research Station Q 

We show that every even-denominator fractional quantum Hall (FQH) state possesses at least 

two robust, topologically distinct gapless edge phases if charge conservation is broken at the 

boundary by coupling to a superconductor. The new edge phase allows for the possibility of a 

direct coupling between electrons and emergent neutral fermions of the FQH state. This can 

potentially be experimentally probed through geometric resonances in the tunneling density of 

states at the edge, providing a probe of fractionalized, yet electrically neutral, bulk 

quasiparticles. Other measurable consequences include a charge e fractional Josephson effect, 

a charge e/4q quasiparticle blocking effect in filling fraction p/2q FQH states, and modified edge 

electron tunneling exponents. 
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Luttinger’s area rule, particle-hole symmetry and the nature of composite fermions 

Ajit C. Balram, C. Toka and J. K. Jain 

Pennsylvania State University 

While an ordinary Fermi sea is perturbatively robust to interactions, the paradigmatic 

composite fermion (CF) Fermi Sea arises as a non-perturbative consequence of emergent gauge 

fields in a system where there was no Fermi Sea to begin with. A mean-field picture suggests 

two Fermi seas, of composite fermions made from electrons or holes in the lowest Landau 

level, which occupy different areas away from half filling and thus appear to represent distinct 

states. We show [1] that in the microscopic theory of composite fermions, which satisfies 

particle-hole symmetry in the lowest Landau level to an excellent degree, the Fermi wave 

vectors at filling factors ν and 1-ν are the same, and are generally consistent with the 

experimental findings of Kamburov et al. [Phys. Rev. Lett. 113, 196801 (2014)]. Our calculations 

suggest that the area of the CF Fermi Sea may slightly violate the Luttinger area rule. We also 

comment on the issue of Dirac versus non-relativistic nature of composite fermions [2]. 

 

*1+ Ajit C. Balram, Csaba Tőke, and J. K. Jain, Phys. Rev. Lett. 115, 186805 (2015). 

[2] Ajit C. Balram and J. K. Jain, unpublished. 
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Heterostructure symmetry and the orientation of the quantum Hall nematic phases 

Johannes Pollanen 

Michigan State University 

Clean two-dimensional electron systems in GaAs/AlGaAs heterostructures are home to a family 

of anisotropic collective phases, the quantum Hall nematics. An as yet unknown intrinsic 

symmetry-breaking potential consistently orients these phases relative to the crystalline axes of 

the host material. We have examined the role of the structural symmetries of the 

heterostructure in determining the orientation of the nematics. In single quantum well samples 

we find that neither the local symmetry of the confinement potential nor the distance between 

the electron system and the sample surface dictates the orientation of the nematic. In 

remarkable contrast, for two-dimensional electrons confined at a single interface between 

GaAs and AlGaAs, the nematic orientation depends on the depth of the two-dimensional 

electron system beneath the sample surface. 
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Anomalous Hall effect in high electron mobility MgZnO/ZnO heterostructures 

Denis Maryenko 

RIKEN Advanced Science Institute 

In this talk, I will show the clear evidences for the interaction between the mobile electrons and 

localized magnetic moments, manifested in the observation of the Anomalous Hall Effect (AHE) 

[3]. At low temperatures, the system yields an AHE response similar to that of a clean 

ferromagnetic metal, while keeping a large anomalous Hall angle. The observation of AHE is 

consistent with the Giovannini-Kondo model, in which the localized magnetic moments couple 

with the orbital motion of mobile electrons leading to the skew scattering [4, 5]. In particular, 

the model can successfully explain the observed AHE scaling, justify the usage of Brillouin 

function to describe the magnetization of the magnetic moments in the external magnetic field, 

and does not contradict to the observation of positive magnetoresistance, which is not 

expected in conventional cases of AHE in ferromagnets.  

The presented study reveals a new aspect of many-body interactions in 2DEGs and shows how 

it can lead to the emergence of AHE in a non-magnetic system.  

 

[1] D. Maryenko, J. Falson et al., Phys. Rev. Lett. 115, 197601 (2015) 

[2] J. Falson, D. Maryenko et al., Nat. Physics 11, 347 (2015) 

[3] D. Maryenko et al., in preparation  

[4] B. Giovannini, Journal of Low Temperature Physics 11, 489 (1973) 

[5] J. Kondo, Progress of Theoretical Physics 27, 772 (1962) 
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Ferromagnetic topological insulator and quantum transport 

Jagadeesh S. Moodera (moodera@mit.edu) 

Physics Department, Francis Bitter Magnet Lab, Plasma Science and Fusion Center 

Massachusetts Institute of Technology 

Cambridge, MA 02139 USA 

In topological insulators (TI) the Dirac surface states are induced by the strong spin-orbit 

coupling (SOC) as well as protected by the time reversal symmetry (TRS). Breaking TRS in a TI 

with ferromagnetic perturbation can lead to many exotic quantum phenomena including the 

Quantum Anomalous Hall (QAH) effect. QAH state describes the dissipationless quantized Hall 

transport in ferromagnetic materials in the absence of external magnetic fields. The 

spontaneously broken TRS states in a TI by ferromagnetic ordering, is achievable by two 

methods: i) conventional way, by doping with a magnetic element, or ii) by ferromagnetic 

proximity coupling. The realization of the QAH effect in realistic materials required two 

conditions: ferromagnetic insulating materials and topologically non-trivial electronic band 

structures. We shall describe how in a hard ferromagnetic TI system a robust QAH state and 

dissipationless edge current flow is achieved. Alternatively, a TI interfaced with a ferromagnetic 

insulator (FMI) we could drive the TI into magnetic state through interfacial exchange 

interaction. The realization of QAH state and the occurrence of dissipationless conduction in 

hard ferromagnetic TIs could lead towards dissipationless electronic applications in the absence 

of external fields, making such devices more amenable for metrology and spintronics 

applications. 

Collaborators: Cuizu Chang, Peng Wei, Ferhat Katmis, Wei Wei Zhao, Duk Y. Kim, Chaoxing Liu, 

Moses Chan, Jainendra Jain, Don Heiman, Biswarup Satpati, Badih Assaf, Michele Jamer, John 

Freeland, Valeria Lauter, Flavio Nogueira and Ilya Eremin 

Research supported by: NSF and ONR 

References: 

1. Peng Wei et al., “Exchange coupling induced symmetry breaking in topological insulators” 

Phys. Rev. Lett. 110, 186807 (April 2013)  

2. C-Z Chang et al., “High-precision realization of robust quantum anomalous Hall state in a hard 

ferromagnetic topological insulator” Nat. Mater. 13, 473-477 (2015)  

3. C-Z Chang, et al, “Zero-Field Dissipationless Chiral Edge Transport and the Nature of 

Dissipation in the Quantum Anomalous Hall State”  Phys. Rev. Lett. 115, 057206 (2015) 
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Scanning Probe Experiments on Quantum Hall Samples for more than a Decade: Hall 

Potential and Current Distributions 

J. Weis 

Max-Planck Institute for Solid State Research, 

Heisenbergstr. 1, D-70569 Stuttgart, Germany 

http://www.fkf.mpg.de/NSL 

Since the discovery of the quantum Hall effect in 1980, various microscopic pictures have been 

developed to explain the quantized Hall resistance in two-dimensional charge carrier systems. 

Most prominent is the edge-state picture found in many textbooks. 

In our group, detailed scanning probe measurements have been performed on various 

quantum Hall samples over the last decade [1-6] revealing the actual Hall potential and current 

distributions over the width of such samples under different conditions. It was found that the 

current distribution within a quantum Hall plateau varies systematically with increasing 

magnetic field. Within a quantum Hall plateau, one can identify an edge- and a bulk-dominated 

quantum Hall regime.  

Based on these investigations, we can clearly state that the externally biased current is carried 

dissipationless in extended, electronically incompressible regions of the sample, i.e., by 

electronic states under the local Fermi level, driven by a Hall voltage drop over these 

incompressible regions. This is actually the key to understand the robustness of the quantum 

Hall effect.  

In this presentation I will review the key results and your conclusions from the scanning probe 

experiments, discuss the role of contacts, the role of Hall bar width, and the evolution towards 

electrically induced breakdown of the quantum Hall effect.    

 

[1] P. Weitz, E. Ahlswede, J. Weis, K. von Klitzing, and K. Eberl, A low-temperature scanning 

force microscope for investigating buried two-dimensional electron systems under quantum 

Hall conditions, Applied Surface Science 157, 349 (2000). 

[2] P. Weitz, E. Ahlswede, J. Weis, K. v. Klitzing, and K. Eberl. Hall potential investigations under 

quantum Hall conditions using scanning force microscopy,  Physica E 6, 1 (2000). 

[3] E. Ahlswede, P. Weitz, J. Weis, K. von Klitzing, K. Eberl, Hall potential profiles in the quantum 

Hall regime measured by a scanning force microscope, Physica B 298, 562 (2001) 
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[4] E. Ahlswede, J. Weis, K. von Klitzing, K. Eberl, Hall potential distribution in the quantum Hall 

regime in the vicinity of a potential probe contact, Physica E 12, 165 (2002). 

[5] F. Dahlem, E. Ahlswede, J. Weis, K. v. Klitzing, Cryogenic scanning force microscopy of 

quantum Hall samples: Adiabatic transport originating in anisotropic depletion at contact 

interface, Physical Review B 82, 12 (2010) . 

[6] K. Panos, R.R. Gerhardts, J. Weis, K. von Klitzing, Current distribution and Hall potential 

landscape towards breakdown of the quantum Hall effect: a scanning force microscopy 

investigation, New Journal of Physics 16, 113071 (2014).  

[7] J. Weis, K. von Klitzing, Metrology and microscopic picture of the integer quantum Hall 

effect, Philosophical Transactions of the Royal Society A 369, 3954 (2011). 
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Dirac composite fermions in the half filled Landau level from particle-vortex duality and their 

experimental signatures 

Ashvin Vishwanath 

University of California, Berkeley 

We derive a dual description of a 2+1 dimensional Dirac fermion, analogous to the duality of 

bosons to vortices. Remarkably, this connects the problem of the half-filled Landau level, to the 

surface state of 3+1D topological insulators. As a consequence, composite fermions are 

required to exhibit a Dirac character in the half filled Landau level, as long as particle-hole 

symmetry is preserved. We discuss experimental probes of the Dirac nature of composite 

fermions. In particular we show that a smoking gun signature of Dirac composite fermions 

appears in the thermo-electric transport coefficients. 
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Emergence of helical edge conduction in graphene at the ν=0 quantum Hall state 

Efrat Shimsoni 

Bar Ilan's Institute for Nanotechnology and Advanced Materials 

Graphene subject to a strong, tilted magnetic field exhibits an insulator-metal transition 

tunable by tilt-angle, which is attributed to the transition from a canted antiferromagnetic 

(CAF) to a ferromagnetic (FM) bulk quantum Hall state at filling factor zero. We develop a 

theoretical description for the spin and valley edge textures in the two phases, and the implied 

evolution in the nature of their collective excitations throughout the transition. Based on the 

spin-charge connection characteristic to quantum Hall systems, we study the implications on 

electric transport in this system. In particular, we show that the CAF phase supports a gapped 

charged edge mode, with an energy gap dictated by the bulk spin stiffness. At the transition to 

the FM phase where the stiffness vanishes, this charged edge mode becomes gapless and is 

smoothly connected to a helical edge mode characteristic to the FM state. We further study 

transport in the FM phase, naively expected to exhibit perfect conductance due to the 

emergence of this helical edge mode, and analyze the mechanism whereby the coupling to 

charge-neutral bulk excitations assists in generating back-scattering. Finally, our theory yields 

the conductance as a function of temperature and the Zeeman energy – the parameter that 

tunes the transition between the two phases. 
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Chiral Thermoelectric Transport in Graphene in the Quantum Hall Regime 

Hu-Jong Lee 

Seung-Geol Nam1, E. H. Hwang2, and Hu-Jong Lee1 

1Department of Physics, Pohang University of Science and Technology 

2SKKU Advanced Institute of Nanotechnology, Sungkyunkwan University 

Heat transport measurements offer a new tool to probe the low-energy physics in quantum-

Hall (QH) systems, which cannot be obtained by the electronic transport measurements. In this 

presentation, we report on results of chiral heat transport measurements in monolayer 

graphene in the integer QH regime [1]. We inject charge carriers at a higher temperature than 

the system bulk and measure the thermoelectric voltage corresponding to the enhanced local 

electron temperature at a distance from the injection point. We find that in graphene heat 

transport through the edge channels in the QH regime is chiral with its direction depending on 

both the carrier type and the magnetic field direction. We confirm that the thermoelectric 

signal is correlated with the charge conductance of ballistic transport, following the Mott 

relation, which has been known to be valid for the diffusive transport. The thermoelectric signal 

decays with distance from the heater and saturates with increasing heating power even though 

it increases linearly at low powers, which indicates that a part of the heat is transferred out of 

the edge current, possibly via the interaction with the acoustic phonons. The spatial 

confinement of heat transport and the directivity of the flow in the QH regime provide a 

convenient means of guiding heat in a mesoscopic-scale graphene sheet and allow accurate 

estimation of the partial heat loss during the propagation through graphene. Our thermal 

transport measurements can be used to obtain valuable information about the coupling 

between charge carriers in the edge channels and various carrier-thermalization factors (such 

as acoustic phonons in graphene), which has been studied recently in semiconducting two-

dimensional electron gas systems. 

 

[1] S.-G. Nam, E. H. Hwang, and H.-J. Lee, Phys. Rev. Lett. 110, 226801 (2013). 
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Geometry of the Fractional Quantum Hall Effect. 

Duncan Haldane 

Princeton University 

The fundamental collective degree of freedom of the incompressible fractional quantum Hall 

fluid in a partially-occupied Landau level is a dynamical "emergent spatial metric" that 

characterizes the shape of the "flux attachment" that forms the elementary "composite boson" 

of the FQHE condensate. This emergent metric can adapt to a non-uniform background 

potential, in which case it acquires a Gaussian curvature.    The incompressibility of the FQHE 

fluid is modified so that (in analogy to skyrmion physics in quantum Hall ferromagnets) the 

electron density is pinned not just to the magnetic flux density, but to the combination of the 

magnetic flux density plus a "guiding center spin" times the Gaussian curvature of the emergent 

metric. 
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Public Lecture  

From Quantum Hall Effect to a New System of Units 

Klaus Von Klitzing 

Max Planck Institute 

In 1980, Professor Von Klitzing made the startling discovery that the low temperature Hall 

resistance of electrons in a semiconductor MOSFET is precisely quantized at discrete values, 

independent of sample parameters and imperfections. Von Klitzing was awarded the Nobel 

Prize in Physics in 1985 for his discovery of “the quantized Hall effect”. 

His public lecture will address the issue of length measurement, which, together with time and 

mass measurement, is of fundamental importance to science and industry. He will begin with a 

historical survey of these units and finish with the most recent developments that take 

fundamental physical constants as the basis for defining measuring units independently from 

space and time. He will discuss how the quantum Hall effect can play a crucial role in the 

fundamental definition of the kilogram. 
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Precise Quantization of the Anomalous Hall Effect near Zero Magnetic Field 

A. J. Bestwick1, E. J. Fox1, Xufeng Kou2, Lei Pan2, 

Kang L. Wang2, and D. Goldhaber-Gordon1 

1Stanford University, Stanford CA, USA 

2University of California Los Angeles, Los Angeles CA, USA 

We report a nearly ideal quantum anomalous Hall effect in a three-dimensional topological 

insulator thin film with ferromagnetic doping. Near zero applied magnetic fields we measure 

exact quantization in the Hall resistance to within a part per 10,000 and a longitudinal resistivity 

under 1Ω per square, with chiral edge transport explicitly confirmed by nonlocal measurements 

[1, 2]. Deviations from this behavior are found to be caused by thermally activated carriers, as 

indicated by Arrhenius law temperature dependence. Using the deviations as a thermometer, 

we demonstrate an unexpected magnetocaloric effect and use it to reach near-perfect 

quantization by cooling the sample below the dilution refrigerator base temperature in a 

process approximating adiabatic demagnetization refrigeration. 

 

[1] A. J. Bestwick, E. J. Fox, Xufeng Kou, Lei Pan, L. Wang, D. Goldhaber-Gordon, Phys. Rev. Lett. 

114, 187201 (2015) 

[2] K. He, Physics 8, 41 (2015). 
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Dirac Fermion Quantum Hall effect in Topological Insulators 

Yong P. Chen 

Department of Physics and Astronomy, and School of Electrical and Computer Engineering and 

Birck Nanotechnology Center, Purdue University, West Lafayette, INDIANA, USA 

Three-dimensional (3D) topological insulators (TI) are a novel class of electronic materials 

whose bulk is gapped and insulating, yet the surface has topologically protected gapless 

conducting states - so called “topological surface states” (TSS) - which host helically spin 

polarized 2D Dirac fermions. Our recent experiments on high-quality “intrinsic” topological 

insulators with insulating bulk and surface-dominated conduction have revealed a number of 

characteristic transport properties of such spin-helical Dirac fermions, including the “half-

integer” Quantum Hall Effect (QHE) - Bohm effect [1-5]. In particular, well-developed “half-

integer” QHE, one of the most iconic and Shubnikov-de Hass (SdH) oscillations, current-induced 

helical spin polarization, “ultra-relativistic” effective mass (proportional to the square root of 

carrier density) and the “half-integer” Aharonov transport signatures of 2D Dirac fermions first 

observed in graphene, have now been observed for TSS in TI thin films of BiSbTeSe2 (BSTS1112) 

at temperatures up to ~40K [1]. Such BSTS1112 are shown to have unprecedentedly low bulk 

carrier density, exhibiting thickness-independent, surface-dominant conduction even up to 

room temperature. More recently, we have fabricated dual gated TI devices of BSTS1112 with 

independently controlled top and bottom surfaces (each providing a single species of Dirac 

fermions with gate-tunable carrier type and density), allowing us to study the QHE in a fully-

tunable two-species Dirac fermion gas *2+. We also observe an intriguing “dissipative quantum 

Hall” state with zero-Hall plateau and finite longitudinal resistance when the two surfaces have 

opposite half Landau fillings and total filling factor zero. This system provides an interesting 

platform to study the nature of QH edge states, as well as the intriguing “zero Landau level” 

QHE of Dirac fermions [2].   

 

[1] Y. Xu et al., Nature Physics 10, 956 (2014)  

[2] Y. Xu et al., in revision for Nature Communications, arXiv:1511.04597 (2015) 

[3] J.Tian et al., Scientific Reports 5, 14293 (2015)  

[4] L. A. Jauregui et al., Scientific Reports 5, 8452 (2015) 

[5] L. A. Jauregui et al., Nature Nanotechnology, in press, arxiv:1503.00685 (2015) 
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Probing the spin and charge ordering in the quantum Hall regime 

Benedikt Friess 

Max Planck Gesellschaft 

Physical systems which are subject to competing interactions acting on different length scales 

often evolve in geometrical patterns such as bubbles and stripes. Also in the quantum Hall 

regime such patterns are believed to appear as a modulation of the charge and spin density due 

to the competition between the repulsive direct Coulomb interaction and the attractive 

exchange interaction. So far, these density modulated phases have been studied mostly by 

resistance measurements. Characteristic transport signatures are a reappearance of the integer 

quantum Hall effect for the bubble phase and strong resistance anisotropy in case of the stripe 

phase. In this talk I will present how we acquired further, more in-depth information on the 

bubble and stripe phases by probing the spatial charge distribution through NMR spectroscopy 

and measuring the screening behavior of the electron system by means of surface acoustic 

waves. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



31 
 

Discovery of Competing 5/2 Fractional Quantum Hall States in Confined Geometry 

Xi Lin 

International Center for Quantum Materials, Peking University 

With an even denominator, ν = 5/2 Fractional Quantum Hall (FQH) State is different from most 

of the other FQH states. Some of its proposed wave functions may exhibit Non-Abelian 

Statistics. We carried out tunneling measurements within a Quantum Point Contact (QPC) at 

the 5/2 state and we were able to match the QPC’s density to the two-dimensional electron gas 

bulk density. Such a density match guarantees the uniform filling factor inside and outside the 

QPC. The interaction parameter g and the effective charge e* can be extracted through weak 

tunneling theory [1]. We found g and e* similar to what people believed to be the Abelian 331 

state [2, 3]. We also found that there was a transition from an Abelian state to a non-Abelian 

state in a QPC when the confinement was tuned. Our observation suggests that there are 

competing 5/2 fractional quantum Hall states depending on the confinement. 

 

[1] Science 320, 899 (2008). 

[2] Phys. Rev. B 85, 165321 (2012). 

[3] Phys. Rev. B 90, 075403 (2014). 
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The observation of a transition from a fractional quantum Hall state to a stripe phase at 

ν=5/2 

Gabor Csathy 

Purdue University 

Phases of matter are broadly classified into two distinct classes: broken symmetry phases and 

topological phases. Phase transitions within the first class involve a change in symmetry, 

whereas those between topological phases require a change in topological order. However, in 

rare cases transitions may occur between the two classes in which the vanishing of the 

topological order is accompanied by the emergence of a broken symmetry. In this talk I will 

report the existence of such a transition in the two-dimensional electron gas. When tuned by 

hydrostatic pressure, the ν = 5/2 fractional quantum hall state, believed to be a prototype non-

Abelian topological phase, gives way to a stripe phase. Remarkably, this stripe phase develops 

spontaneously, i.e. in the absence of any externally applied symmetry breaking fields. 
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Landau level mixing and Non-Abelian Anyons in the fractional quantum Hall Effect 

Michael Peterson 

California State University Long Beach 

I will discuss recent numerical results investigating the quantum phase diagram for the 

Fractional Quantum Hall Effect (FQHE) in the 1/2-filled and 2/3-filled lowest and second Landau 

levels under realistic conditions in GaAs semiconductors. In particular, we study an effective 

Hamiltonian that takes Landau level mixing and finite width of the quantum well into account 

perturbatively in κ, the ratio of the Coulomb to the cyclotron energy. This effective Hamiltonian 

explicitly breaks particle-hole symmetry and we investigate the non-trivial competition 

between various candidate states using a variety of techniques and criteria.  More specifically, 

we address the competition between the Moore-Read Pfaffian and Anti-Pfaffian at filing factor 

5/2 finding the ground state is in the universality class of the non-abelian Moore-Read Pfaffian 

state, rather than Anti-Pfaffian, for κ < κc(w), where 0.6 < κc(w)  < 1. Realistic effects suppress the 

excitation gap with Landau level mixing being the dominant effect. At 2/3 filling in the lowest 

and second Landau levels, we investigate the competition and quantum phase transitions 

between possible abelian states (the Halperin 330, particle-hole conjugate 2/3 Laughlin, and 

pseudo-spin singlet states) and the Z4 parafermion non-abelian state. We find theoretically that 

for the observed 8/3 FQHE, the Z4 non-abelian state is extremely competitive with the particle-

hole conjugate 2/3 Laughlin abelian state. Our findings have important implications for the 

identification of non-abelian FQH states and for universal topological quantum computation. 
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Non-Abelian Majorana Zero Modes in Semiconductors:  A Status Report 

Sankar Das Sarma 

University of Maryland 

I will provide a status report on the theoretical and experimental investigations of Majorana 

zero modes in semiconductor-superconductor hybrid nanostructures, where the interplay of 

spin-orbit coupling, spin splitting, and superconducting proximity effect is predicted to lead to 

localized zero-energy subgap Non-Abelian Majorana excitations which can be used to carry out 

topological quantum computation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



35 
 

From an array of coupled quantum wires to three-dimensional fractional topological 

insulators 

Yuval Oreg 

Weizmann Institute of Science 

The coupled-wires approach has been shown to be useful in describing two-dimensional 

strongly interacting topological phases. In this talk I will review this approach, will extend it to 

three-dimensions, and construct a model for a fractional strong topological insulator. This 

topologically ordered phase has an exotic gapless state on the surface, called a fractional Dirac 

liquid, which cannot be described by the Dirac theory of free fermions. Like in non-interacting 

strong topological insulators, the surface is protected by the presence of time-reversal 

symmetry and charge conservation. I will show that upon breaking these symmetries, the 

gapped fractional Dirac liquid presents unique features, including fractional Hall conductivity 

and fractional Majoranas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



36 
 

An Approach for Generalizing Laughlin's Theory 

Sudhansu S. Mandal 

Department of Physics, Indian Institute of Technology, Kharagpur 

& 

Department of Theoretical Physics, Indian Association for the Cultivation of Science, Kolkata 

By suitably defining a quasiparticle operator and its conjugate as quasihole operator for 

Laughlin Condenstate (LC) with filling fraction 1/m, I will present an approach which describes 

the state of matter with decrease or increase of any number of flux quanta from the LC with 

fixed number of electrons. The general states with filling fractions n/[n(m-1)+1] and n/[n(m+1)-

1+ can be described as n coupled LCs and their “conjugates”, respectively, formed at different 

Hilbert subspaces with equal number of electrons N/n. Surprisingly, the corresponding wave 

functions with simple structure are identical with the wave functions proposed in the 

composite fermion theory with complex projection into the lowest Landau level.  

The present formulation naturally describes the filling fraction 4/11, when one LC  at 1/3 filling 

couples with a condensate formed in a different Hilbert subspace,  at 1/5 filling  described by 

exact ground state of Haldane pseudo potential in the relative angular momentum channel 3. 

This theory further predicts that the filling fractions 1/(2s) serve as quantum critical point for 

gap-closing topological phase transitions between two topologically distinct phases: while one 

is described by several coupled LCs with filling fraction 1/(2s+1) each, the other is coupled 

conjugate-LCs of filling fraction 1/(2s-1) each.     
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Topological edge states in biased bilayer grapheme 

Jun Zhu 

The Pennsylvania State University 

The valley degree of freedom is a distinguishing characteristic of atomically thin two-

dimensional crystals with hexagonal symmetry, the control of which can lead to novel concepts 

of nanoelectronics. In this talk, I will discuss our experimental effort on realizing valley Hall edge 

states (aka kink states) at the internal boundary of two oppositely gated bilayer graphene [1]. I 

will show how we overcome sample quality and lithographic challenges to build split dual-gated 

structures and discuss the experimental evidences of the kink states. The four-fold degenerate 

kink states exhibit conductance less than the ballistic limit of 4e2/h at zero magnetic field. 

Potential backscattering mechanisms will be discussed. The application of a perpendicular 

magnetic field can drastically suppress backscattering, enabling the kink states to reach about 

4e2/h at moderate field strength of 8 T [2]. 

[1] Martin et al, PRL 100, 036804 (2008).  

[2]Li et al, arXiv: 1509.03912. 
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Tuning equilibration of edge states in a 1D graphene superlattice 

Mandar Deshmukh 

Tata Institute of Fundamental Research, Mumbai 

We probe quantum Hall effect in a tunable 1-D lateral superlattice (SL) in graphene created 

using electrostatic gates. Lack of equilibration is observed along edge states formed by 

electrostatic gates inside the superlattice. We create strong local electric field at the interface 

of regions of different charge densities. Crossed electric and magnetic fields modify the 

wavefunction of the Landau Levels (LLs) - a phenomenon unique to graphene. In the region of 

copropagating electrons and holes at the interface, the electric field is high enough to modify 

the Landau levels resulting in increased scattering that tunes equilibration of edge states and 

this result in large longitudinal resistance. 
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Hybrid Topological Materials: from Novel Quantum Phases to Spintronics 

Nitin Samarth 

The Pennsylvania State University 

We provide a perspective on the emergence of new scientific and technological directions that 

emerge from the synthesis of complex quantum materials created by interfacing topological 

insulators with other materials of contemporary importance. Molecular beam epitaxy provides 

excellent control over the surface states in these materials, via quantum confinement effects 

within a homogeneous thin film [1] as well as through interactions with magnetic dopants [2-5] 

and at heterogeneous interfaces with superconductors [6] and ferromagnets [7]. This talk will 

highlight some of the emergent physics that arises from such hybrid materials, such as the 

complex interplay between magnetism and edge states in the recently discovered quantum 

anomalous Hall insulator. [3, 4] We will also outline future directions, such as applications in 

“topological spintronics,” *7+ the optical patterning of erasable topological devices [8] and the 

design of new materials that might display robust quantum phases at high temperatures [9].  

 

This work is supported by DARPA, ONR, ARO and by C-SPIN. 

 

[1] M. Neupane et al., Nature Communications 5, 3841 (2014). 

[2] S.-Y. Xu  et al., Nature Physics 8, 616 (2012). 

[3] A. Kandala et al., Nature Communications 6, 7434 (2015). 

[4] E. Lachman et al., Science Advances (in press, 2015). 

[5] M. Liu et al., submitted. 

[6] S.-Y. Xu  et al., Nature Physics 10, 943 (2012) 

[7] A. Mellnik et al., Nature 511, 449 (2014). 

[8] A. Yeats et al., Science Advances 1, E1500640 (2015). 

[9] Q.-Z. Wang et al., Phys. Rev. Lett. 113, 147201 (2014). 
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NMR probing of charge-density-wave states in the third Landau level 

K. Muraki1, T. D. Rhone1, K. Yonaga2, and N. Shibata2 

1NTT Basic Research Laboratories, NTT Corporation 

2Department of Physics, Tohoku University 

Nuclear magnetic resonance (NMR) has been widely used to explore the physics in the 

quantum Hall systems associated with the electron spin degree of freedom. This is made 

possible by the hyperfine coupling between electron and nuclear spins, which causes a small 

shift in the nuclear resonance frequency known as the Knight shift. Previous studies have 

focused mostly on measuring the size of the Knight shift as an indicator of electron spin 

polarization. In contrast, by focusing on NMR lineshape, recent studies have shown that NMR 

can be a local probe of in-plane charge/spin density variation in broken-symmetry states, 

including Wigner solids in the first and second Landau levels [1, 2] and a tilt-induced anisotropic 

phase in the second Landau level [3]. In this presentation, we report resistively detected NMR 

performed on the charge-density-wave states in the third Landau level. We compare the 

measured spectra with simulations derived from Hartree-Fock calculations for the stripe, 

bubble, and Wigner crystal phases. Our results demonstrate that NMR is a powerful tool that 

serves as a microscopic probe of charge order in quantum Hall systems. 

 

[1] L. Tiemann, T. D. Rhone, N. Shibata, and K. Muraki, Nat. Phys. 10, 648 (2014). 

[2] T. D. Rhone, L. Tiemann, and K. Muraki, Phys. Rev. B 92, 041301(R) (2015). 

[3] B. Friess, V. Umansky, L. Tiemann, K. von Klitzing, and J. H. Smet, Phys. Rev. Lett. 113, 

076803 (2014). 
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Signature of Instability of Chiral Fermion in Ultraquantum Weyl Semimetal TaAs 

Chenglong Zhang, Bingbing Tong, Zhujun Yuan, Shuang Jia, Chi Zhang 

International Center for Quantum Materials, Peking University 

In the compound of Tantalum Monoarsenide (TaAs), the novel Weyl fermions are hosted. In our 

high mobility single crystal samples, the Shubnikov-de Haas oscillations are distinct below the 

quantum limit (B ~10 T). Beyond the quantum limit, within the configuration-B (electric field E 

// B-fields), we observed the novel quantum phase transitions in the ρzz - measurements, which 

may come from the nesting of the vector over a wide range of B-T plane. Due to the similarity 

to those observed density wave phases or the excitonic states in three-dimensional graphite 

semimetal, the novel phase with the many body effect may come from the vector nestings 

beyond the quantum limit. However, in the other measurements (Rxx in configuration-A: E ⊥ B-

fields), the novel quantum phase transition does not exist. In general, our results on the density 

wave phase support its non-trivial topological order. 
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Mobility versus quality in two-dimensional semiconductor structures 

Euy Heon Hwang 

Sungkyunkwan University 

We consider theoretically effects of random charged impurity disorder on the quality of high-

mobility two dimensional (2D) semiconductor structures, explicitly demonstrating that the 

sample mobility is not necessarily a reliable or universal indicator of the sample quality in high-

mobility modulation-doped 2D GaAs structures because, depending on the specific system 

property of interest, mobility and quality may be controlled by different aspects of the 

underlying disorder distribution, particularly since these systems are dominated by long-range 

Coulomb disorder from both near and far random quenched charged impurities. We show that 

in the presence of both channel and remote charged impurity scattering, which is a generic 

situation in modulation-doped high-mobility 2D carrier systems, it is quite possible for higher 

(lower) mobility structures to have lower (higher) quality as measured by the disorder-induced 

single-particle level broadening. In particular, we establish that there is no reason to expect a 

unique relationship between mobility and quality in 2D semiconductor structures as both are 

independent functionals of the disorder distribution, and are therefore, in principle, 

independent of each other. Using a simple, but reasonably realistic, 2-impurity minimal model 

of the disorder distribution, we provide concrete examples of situations where higher (lower) 

mobilities correspond to lower (higher) sample qualities. We discuss experimental implications 

of our theoretical results and comment on possible strategies for future improvement of 2D 

sample quality. 
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Disorder driven quantum Hall transitions 

Ravin Bhatt  

Princeton University 

Though disorder is a necessary ingredient for the stability of quantum Hall phases in a finite 

region of parameter space, very few investigations exist of fractional quantum Hall transitions 

in the presence of disorder. This is because the lack of translational symmetry in systems with 

quenched disorder significantly reduces the sizes that can be studied numerically. In this talk, I 

will review prior studies based on Chern numbers, and examine the possibility of using 

quantum entanglement methods to study disorder driven transitions from (fractional) 

Quantum Hall States to the insulating phase. I will also provide an update on the critical 

behavior of integer quantum Hall transitions, using approaches distinct from transfer matrix 

methods. 
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Spin-Density Wave Instabilities in Biased Bilayer Graphene 

Rajdeep Sensarma 

Tata Institute of Fundamental Research, Mumbai 

Biased Bilayer Graphene has a low energy dispersion which looks like a mexican hat in the 

momentum space. At low densities the electrons form a ring shaped Fermi sea in this system. 

The presence of 2 Fermi surfaces leads to interesting singularities in the susceptibility. The 

system undergoes a phase transition to an incommensurate spin-density wave state with a 

wavevector equal to the width of the Fermi Sea. We will discuss the implications of this both for 

biased BLG and a cold atom based analogue of the same system. 
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Quantum phases of graphene 

Subir Sachdev 

Harvard University 

Clean graphene at the charge neutrality point was predicted to be a “Dirac fluid” without 

quasiparticle excitations. The collective properties of this quantum fluid can be described by 

Boltzmann, holographic, hydrodynamic, and memory-function methods, and much insight is 

gained by the connections between these methods. I will describe recent experiments in the 

group of Philip Kim which have observed Dirac fluid behavior via thermal conductivity 

measurements. In an applied magnetic field, mono- and bi-layer graphene appear to display 

antiferromagnetic order. I will also discuss the possibility of valence-bond-solid order, and an 

associated deconfined critical point. 
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VACUUM SOLUTIONS FROM A SINGLE SOURCE 
Pfeiffer Vacuum stands for innovative and custom vacuum solutions worldwide, 
technological perfection, competent advice and reliable service. We are the only supplier of 
vacuum technology that provides a complete product portfolio: 
 

 Pumps for vacuum generation up to 10-13 hPa 
 Vacuum measurement and analysis equipment 
 Leak detectors and leak testing systems 
 System technology and contamination management solutions 
 Chambers and components 

 
Are you looking for a perfect vacuum solution? Please contact us: 
Pfeiffer Vacuum (India) Private Limited, T +91 40 2775-0014, F +91 40 2775-7774, 
pvin@pfeiffer-vacuum.in, www.pfeiffer-vacuum.com 
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 Temperature Range: 1.9K – 400K 
 Magnetic Field: +/- 7T, 9T, 14T or 16T 
 Measurement Options: VSM,             
     Resistivity, AC Susceptibility, Heat  
     Capacity, Thermal Transport  

Automated Cryogen Free Cryostation 
 Temperature Range: 3.5K – 350K 
 Ultra-Low Vibrations: < 5nm 
 Thermal Stability: < 10mK 
 Variable Speed Air cooled Compressor  
 No liquid or He gas is required 
 Cryostation Microscope for high NA      
      Imaging 

NanoFrazor: 3D Thermal Scanning 
Probe Lithography 
 Tool for rapid prototyping of 
high quality 3D nanodevices 
 Resolution  < 10nm  
 Write speed ~ 1mm/sec 
 Low cost & small footprint 
compared to e-beam lithography. 

 

We also offer MOKE, FMR Spectrometer, Nano-FTIR System for Imaging & Spectroscopy, Optical Tweezer, Micro 
Lithography Tools, Magnetic Hyperthermia System, Furnaces for Single Crystal Growth & Liquid He Plant. 
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