
Poster session I: Cuprate superconductivity and beyond 
 
I.1 Orbital magnetism and Kerr effect in unconventional superconductors 
James Annett (University of Bristol), Martin Gradhand, Joshua Robbins 
 
Abstract: 
The Kerr effect in unconventional superconductors such as Sr2RuO4 can be 
understood as a result of p-wave pairing in a coupled multi-band system. The 
combination of these lead to Berry curvatures in the quasiparticle 
eigenfunctions which can be linked to the relevant optical matrix elements 
describing the Kerr response. We further show that a bulk orbital magnetic 
moment also arises in this system, which can also be derived from Berry 
curvatures in the quasiparticle spectra. We discuss the possible application of 
these ideas in other recently discovered superconductors showing evidence for 
time reversal symmetry breaking below Tc. 
 
I.2 Effect of pressure on pseudogap and CDW, measured with electrical and 
thermoelectrical probes 
Seyed Amirreza Ataei (University of Sherbrooke), Nicolas Doiron-Leyraud, Adrien 
Gourgout, Sven Badoux, Louis Taillefer 
 
Abstract: 
We have measured thermoelectricity properties (Seebeck and Nernst effect) on Nd-
LSCO superconductors in high magnetic fields and investigated the effect of 
pressure on pseudogap in high dopings and its effect on the onset of CDW in low 
dopings. 
  
I.3 Structure of the Charge-Density Wave in Cuprate Superconductors: Lessons 
from NMR  
William Atkinson (Trent University), Arno Kampf, Steven Ufkes 
 
Abstract: 
Using a mix of numerical and analytic methods, we show that recent NMR 17O 
measurements provide detailed information about the structure of the charge-
density wave (CDW) phase in underdoped YBa2Cu3O{6+x}.  We perform Bogoliubov-de 
Gennes (BdG) calculations of both the local density of states and the orbitally 
resolved charge density, which are closely related to the Knight shift and 
electric quadrupole contributions to the NMR spectrum, using a microscopic model 
that was shown previously to agree closely with x-ray experiments.    The BdG 
results reproduce qualitative features of the experimental spectrum extremely 
well.  These results are interpreted in terms of a generic “hotspot” model that 
allows us to trace the origins of the NMR lineshapes. We find that three 
quantities---the orbital character of the Fermi surface at the hotspots, the 
Fermi surface curvature at the hotspots, and the CDW correlation length---are 
key in determining the lineshapes. 
 
I.4 Advanced neutron scattering results in alpha-RuCl3 
Christian Balz (Oak-Ridge National Lab), S.E. Nagler, A. Banerjee, P. Lampen-
Kelley 
 
Abstract: 
The magnetic insulator alpha-RuCl3 features a layered honeycomb structure of 
edge-sharing octahedrally coordinated Ru3+ ions. The Ru ion is in the low-spin 
ground state and exhibits strong spin-orbit coupling making alpha-RuCl3 an 



interesting candidate for investigating physics related to the Kitaev model, 
especially since alpha-RuCl3 was shown to exhibit fractionalized magnetic 
excitations. Here, we report on inelastic neutron scattering on large single-
crystals in an applied magnetic field. The application of a sufficiently large 
field in the honeycomb plane suppresses the magnetic order and the spin wave 
excitations characteristic of the ordered ground state. Left behind is a gapped 
continuum spectrum of magnetic excitations previously identified as a signature 
of fractionalized excitations. This provides compelling support for recent 
conjectures that a field-induced quantum spin liquid is achieved in alpha-RuCl3 
above a critical field. 
 
Furthermore, we have carried out polarized neutron scattering measurement in the 
zero-field ground state. Elastic scattering allows for a direct determination of 
the direction of the ordered spin moment while inelastic scattering confirms the 
magnetic nature and provides additional information about the character of the 
magnetic excitations seen above and below T_N. The results constrain the 
theoretical description of the effective spin Hamiltonian describing alpha-
RuCl3. 
 
I.5 Spin Correlations in the charge density wave phase of LSCO 1/8 
Lauren Cane (University of Bristol), Chris Lester, Russell Ewings, Robert 
Bewley, Stephen Hayden  
 
Abstract: 
The CDW and SDW in LSCO are strongest at 1/8th doping where there is a 
corresponding suppression in Tc. I will present new neutron scattering results 
of the spin excitation spectrum in LSCO 1/8th for an energy range 0 – 160 meV. I 
will show that spin excitations at (pi,pi) with energy ~50-100 meV are 
correlated with Tc as a function of doping. I will also show that the low-spin 
excitations have a component with a constant energy scale of ~2 meV that tracks 
the temperature dependence of the CDW, indicating that the low-energy spin and 
charge correlations are coupled and "intertwined". The intensity of the low 
energy spin and charge excitations drop off below Tc signalling competition with 
superconductivity. Our data reveal medium-energy (pi,pi) spin excitations which 
may promote superconductivity, and low energy spin excitations that are in 
competition with it. 
 
I.6 Consequences of Deep Gap Minima in SrRuO for Thermal Transport  
John Dodaro (Stanford University), Catherine Kallin and Zhiqiang Wang 
 
Abstract: 
There exists an apparent conflict in experiments on the unconventional 
superconductor Sr2RuO4 concerning the nature and symmetry of the superconducting 
order parameter.  Despite evidence of chiral p-wave pairing from various 
experiments, thermal conductivity measurements down to Tc/30 reveal 
quasiparticle transport as T-->0 suggesting the existence of nodes in the 
superconducting gap.  To quantify the import of this observation, we solve the 
self-consistent real-space BdG equations with dilute unitary scatterers to 
determine various low-energy properties including density of states, inverse 
participation ratio, and thermal conductivity.  Although a chiral p-wave 
superconductor cannot generically exhibit a true gap node, the gap structure 
obtained for a two-band quasi-1D model from weak-coupling RG analysis has an 
anisotropic gap with deep minima ("near-nodes").  We compare our results with d-
wave and anisotropic s-wave (both of which have true nodes) and find filling in 



of density of states at zero energy for both d-wave and chiral p-wave in 
contrast to anisotropic s-wave.  These results are augmented with a calculation 
of thermal conductivity computed using the self-consistent T-matrix 
approximation, and together suggest anisotropic chiral p-wave cannot be ruled 
out by recent thermal conductivity measurements, though a study of angular 
dependence may provide additional insight into the pairing symmetry. 
 
I.7 From Theory to Experiment: numerical calculation of two-particle response 
functions in cluster DMFT and beyond  
Emanuel Gull (University of Michigan), Xi Chen, James P.F. Leblanc 
 
Abstract: 
We will present calculations of two-particle response functions in cluster 
dynamical mean field theory, and applications to theory and experiment. We will 
demonstrate the power and the limitations of the method, and show results from 
new algorithmic developments that overcome some of the limitations of DMFT. 
 
I.8 Lattice at play - on the intertwining electronic phase diagram of 
Bi2Sr2CaCu2O8+δ 
Yu He (Stanford University) 
 
Abstract: We report two pieces of evidence for strong lattice participation in 
the intertwining electronic orders in HTSC Bi-2212 - a sudden change in 
electron-B1g phonon coupling strength across the putative pseudogap critical 
point, and a universal broadening of low energy phonons over the entire phase 
diagram. The complementary perspectives offered by both fermionic (ARPES) and 
bosonic (IXS) probes strongly indicate that, the lattice degree of freedom and 
its intimate interplay with the electronic correlation are indispensable 
components in the final resolution of the complex phase diagram of HighTc 
cuprates. Composite pairing mechanism is naturally embedded in such scheme, 
which offers a new path towards a unifying theme in diverse high Tc materials. 
 
I.9 Neural network based machine learning approach to quantum condensed matter 
Eun-Ah Kim (Cornell University) 
  
Abstract: 
There is rapidly growing interest in using neural network based machine learning 
to extract physical information out of fluctuating data, be it numerical or 
experimental. In this talk I will discuss our recent works demonstrating the how 
one can use neural network based machine learning to speed up acquisition of 
quantum phase diagram with topological order as well as non-equilibrium phase 
diagram with many-body localized phases. I will also discuss our recent results 
on detecting universal features from scanning tunneling microscopy data using 
neural network based machine learning.  
 
I.10 Origin of the metal-to-insulator crossover in cuprate superconductors 
Francis Laliberte (University of Sherbrooke), W. Tabis, S. Badoux, B. Vignolle, 
D. Destraz, N. Momono, T. Kurosawa, K. Yamada, H. Takagi, N. Doiron-Leyraud, C. 
Proust, Louis Taillefer 
 
Abstract: 
Superconductivity in cuprates peaks in the doping regime between a metal and an 
insulator. Understanding how the material evolves from metal to insulator is a 
fundamental and open question. Early studies in high magnetic fields revealed 



that below some critical doping an insulator-like upturn appears in the 
resistivity of cuprates at low temperature, but its origin has remained a 
puzzle. We propose that this 'metal-to-insulator crossover' is due to a drop in 
carrier density associated with the onset of the pseudogap phase. We use high-
field resistivity measurements on LSCO to show that the upturns are 
quantitatively consistent with a drop from n=1+p above p* to n=p below p*. We 
demonstrate how previously reported upturns in the resistivity of LSCO, YBCO and 
Nd-LSCO are explained by the same universal mechanism: a drop in carrier density 
by 1.0 hole per Cu atom. 
 
I.11 Spin Excitations in the 2D Hubbard model  
James LeBlanc (Memorial University of Newfoundland) 
 
Abstract: 
We present numerical results of spin susceptibilities in the 2D Hubbard model 
obtained through a variety of numerical techniques.  From these results we 
compare to spin relaxation in NMR experiments as well as RIXS and inelastic 
neutron scattering measurements of spin-modes. 
 
I.12 Linear-T resistivity at the pseudogap critical point of cuprate 
superconductor Bi2212 
Anaelle Legros (University of Sherbrooke), L. Taillefer, S. Benhabib, W. Tabis, 
B. Vignolle, D. Vignolles, C. Proust, H. Raffy, Z. Z. Li, D. Colson, A. Forget 
 
Abstract: 
We report high-field measurements of the electrical resistivity on a highly 
overdoped thin film of Bi2Sr2CaCu2O8+Œ¥ (Tc = 50 K), one of the archetypal 
cuprate superconductors, with a high maximal Tc (90 K). Measurements up to 55 T 
enabled us to suppress superconductivity and track the normal-state behavior 
down to low temperature. We observe a linear temperature dependence of the 
resistivity as T ‚Üí 0, at a doping p = 0.23 just above p‚òÖ ‚âÉ 0.22, the 
critical doping where the pseudogap phase ends [1,2]. Our data on Bi2212 are in 
excellent agreement with previous data on cuprates with lower maximal Tc, namely 
LSCO [3] and Nd-LSCO [4]. This shows that a linear-T resistivity is a universal 
signature of the pseudogap critical point in cuprates, reminiscent of the 
linear-T resistivity found at the quantum critical point of heavy-fermion, 
pnictide and organic superconductors [5]. 
 
I.13 Monopole Superconductivity in Doped Weyl Semimetals  
Yi Li (Johns Hopkins University), F. D. M. Haldane 
 
Abstract: 
Novel topological superconducting pairing symmetry is proposed in doped time-
reversal symmetry breaking Weyl semimetals, where the Berry phase of Cooper 
pairing states between two Fermi surfaces with opposite Chern numbers gives rise 
to new pairing symmetry characterized by monopole harmonics. By comparing this 
novel pairing symmetry with familiar examples of unconventional 
superconductivity, we reveal exotic properties originating from topologically-
protected nodal structures of its gap function. 
 
I.14 Investigating the pseudogap critical point of the cuprate superconductor  
Maude Lizaire (University of Sherbrooke), Anaëlle Legros, Clément Collignon, 
Adrien Gourgout, Sven Badoux, Francis Laliberte,Nicolas Doiron-Leyraud, Louis 
Taillefer, Shimpei Ono 



 
Abstract: 
Recent measurements of the resistivity and Hall coefficient in cuprates at high 
magnetic fields have revealed a new signature of the critical point p* where the 
pseudogap phase ends at T=0 in the absence of superconductivity: the carrier 
density drops abruptly from n = 1+p above p* to n= p below p* [1,2,3].  
 
Here we report on our investigation of such a signature in the cuprate 
superconductor Bi2201, whose pseudogap critical point has been located through 
NMR [4] and ARPES [5] studies. 
 
We report the findings of our measurements of several transport coefficients in 
overdoped samples of Bi2201 in magnetic fields large enough to access the normal 
state in the T=0 limit. 
 
I.15 Dynamical Cooper pairing in nonequilibrium electronphonon systems  
Ivar Martin (Argonne National Lab), Michael Knap, Mehrtash Babadi, Gil Refael, 
Eugene Demler 
 
I.16 Scale invariant transport in cuprates near critical doping  
Arkady Shekhter (NHMFL/Florida State University) 
 
I.17 The pseudogap phase seen through the Spin-Fermion model prism  
Alexei Tsvelik (Brookhaven National Lab) 
 
Abstract: 
We have established a link between the Spin-Fermion model and the model of 
fermionic ladders. This equivalency enable us to treat the strong coupling limit 
when patches of the Fermi surface around the hot spots become gapped. As a 
result the low energy states are separated into gapped antinodal and gapless 
nodal ones. We have used this approach to develop a comprehensive description of 
the pseudo gap phase which includes transport and the excitation spectrum. The 
references are A. Tsvelik, PRB 95, 201112 (2017); T.M. Rice, N. Robinson, A. M. 
Tsvelik, arXiv/1707.05666. 
  
I.18 ARPES studies of Hg1201  
Inna Vishik  (UC Davis), Ben Gregory, Ming Yi, Martin Greven 
 
Abstract: 
HgBa2CuO4+Œ¥ (Hg1201) has been shown to be a model cuprate for scattering, 
optical, and transport experiments, but angle-resolved photoemission 
spectroscopy (ARPES) data are scarce owing to the absence of a charge-neutral 
cleavage plane. I will report on progress in achieving the experimental 
conditions where quantifiable ARPES spectra can be obtained. Studies of 
fermiology, superconductivity, and mode coupling will be discussed. 
 
I.19 Commensurate-Incommensurate transition at cuprate quantum critical point  
Tatiana Webb (Harvard University), Mohammad Hamidian, Yi Yin, Anjan 
Soumyanarayanan, Tess Williams, M. C. Boyer, Kamalesh Chatterjee, W. D. Wise, I. 
Zeljkovic, Takeshi Kondo,T. Takeuchi, H. Ikuta, Peter Mistark, Robert S. 
Markiewicz, Arun Bansil, Subir Sachdev, E. W. Hudson, J. E. Hoffman 
 
Abstract: 



There is growing evidence that the complex phase diagram of the cuprates is 
controlled by the putative quantum critical point underneath the superconducting 
dome.  A coincident and abrupt transition of Fermi surface topology, through 
which Fermi arcs jump to hole pockets, marks a boundary between two quantum 
fluids whose likely distinct and defining electronic interactions are not fully 
understood.   In trying to find a link between these quantum states BSCCO-2201 
offers a unique opportunity: it is the only superconducting cuprate in which a 
density wave state exists on both sides of the transition.  In all cuprates, a 
disordered electronic density modulation is a dominant feature in the underdoped 
regime. Using sublattice phase resolved STM, we found that the modulation has d-
symmetry across the entire phase diagram.  To track the wavevector evolution as 
a function of doping we employed a phase residue technique that accounts for 
discommensuration disorder.  We discovered that the modulation changes 
dramatically across the critical point, transforming from commensurate to 
incommensurate.  That the abrupt transition of the commensurability is exactly 
coincident with the critical point transition is made even more remarkable by 
the observation that the wavevector remains continuous.  
 
I.20 Cooperative Density Waves and Superconductivity in La2CuO4+y  
Jiajia Wen (Stanford University), W. He, H. Jang, R. Smaha, C. Mazzoli, B. J. 
Birgeneau, J.-S. Lee, Y. S. Lee 
 
Abstract: 
Cuprate high-temperature superconductors feature a complex phase diagram where 
various forms of symmetry breaking are found in close proximity to 
superconductivity. Recent ubiquitous observations of charge density wave order 
(CDW) across families of cuprate superconductors suggest CDW a genuine 
instability of the doped CuO$_2$ plane. Here we report resonant soft x-ray 
scattering (RSXS) study of CDW in La$_2$CuO$_{4+y}$ [$y=0.12(1)$], which 
features 3-dimensional (3D) ordering of oxygen dopants, and simultaneous onset 
of SC and spin density wave (SDW) at $T_c$ ~ 42 K. Emerging at ~ 60 K, CDW in 
La$_2$CuO$_{4+y}$ is found to dramatically enhance below $T_c$, and strengthens 
monotonically upon further cooling. This contrast with previous observations in 
other cuprate superconductors where CDW is suppressed by the onset of SC. Our 
results on La$_2$CuO$_{4+y}$ provide the first observation of cooperative 
relationship between CDW, SDW, and SC in cuprate superconductors, and further 
corroborate the view point of ``intertwined orders” to describe the complex 
electronic orderings in strongly correlated materials. 
 
 
 
 
 
 
 


