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Origin:	
	r-space	or	k-space?	
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Strong	Coupling	Mechanism	

•  Frustra.on	of	AFM	order	upon	doping	
Nematic and spin-charge orders driven by hole-doping a charge-transfer insulator 9

(a) PM (b) PI

(c) DM (d) DI

Figure 4. The oxygen occupancy and spin polarization for (a) metallic and (b)
insulating parallel stripes, as well as (c) metallic and (d) insulating diagonal stripes
for t

a

= 200meV and J2 = 200meV. Note that the length of the (spin) arrow on the
oxygen site is scaled by a factor of 5 as compared to the Cu sites.

configurations (see Fig. 4) clearly show that the holes are attracted to the anti-phase

domain walls in the spin configurations driven by the Cu-O exchange-coupling J2. The

kinetic terms broaden the hole distribution and favor the metallic charge stripe. It is

remarkable that our simple model can readily access the spin and charge striped ground-

state configuration reminiscent of those obtained in density matrix renormalization

group studies of the 1/8-doped t-J model [31]. Moreover, as this model incorporates

the mostly-oxygen character of doped holes, the charge stripes centered at the anti-

phase domain wall of the antiferromagnetic background are naturally coupled to IUC

nematic. The parallel stripe configurations obtained in Fig. 4 clearly demonstrate a

coupling between the (Ising) IUC nematic order and the stripe-ordering wave vector.

In the sense of Ginzburg-Landau theory of order parameters, Fig. 4 demonstrates a

coupling between the Ising nematic order parameter and the di↵erence in amplitude

of the charge-density wave (CDW) order parameters for CDW’s propagating along the

two Cu-O bond directions [61] at a microscopic level. The charge distribution we obtain

for trial spin configurations in Figs. 3 and 4 makes it clear that any spin order with

modulation vector along the Cu-O bond direction will be accompanied by IUC nematic

irrespective of charge stripe order. ‡ The remaining question is which of these candidate

states is lowest in energy and what are the energy di↵erences between competing states.

‡ On symmetry grounds, any unidirectional spin order along Cu-O bond direction breaks the point
group symmetry and hence it can couple to nematic in principle. It is an explicit microscopic realization
of such phenomena that is new here.
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Are	these	intrinsic	Q's	reflec.ng	the	
origin	of	the	modula.on?	
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Cuprates	Challenge: Do we know Q?
Fourier	Amplitude	of	dFF	CDW	



Use	the	Phase	of	the	Density	Wave	
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Cuprates	Intrinsic Q Search Algorithm
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1. Demodulate:

2. Optimize “residue”:

Intrinsic Q Search Algorithm

•  No.ce	

•  Agnos.c	Search	Algorithem:	
Asses	phase	fitness	of		each	"candidate"	q	

1.	Demodulate	by	q	

2.	Evaluate	"residue"	

3.	Vanishing	residue	selects	intrinsic	Q	
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Doping	Dependence	of	Cuprate	CDW	Q	from	Rq	



Universality of Commensurate 4a0 CDW in BSCCO-2212

 A. Mesaros & E.-A. Kim (2016)

Doping	Dependence	of	Cuprate	CDW	Q	from	Rq	



Implica.ons:	
	"Anomalous"	spectral	features?	
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“Anomalous”	spectra	in	underdoped	SC	

Nodal – antinodal 
dichotomy 

Energy-dependent 
heterogeneity 

σ(ω) 

McElroy et al. (2005) He et al. (2011) Mirzaei et al. (2013) 

STM ARPES 

two-peak 



Self-consistent	Bogoliubov-de	Gennes	

Model	Nema.c	Glass	Superconductor		



Self-consistent	Bogoliubov-de	Gennes	

Model	Nema.c	Glass	Superconductor		

Glassy Nematicity: d-form factor 



Self-consistent	Bogoliubov-de	Gennes	

Model	Nema.c	Glass	Superconductor		

Glassy Nematicity: d-form factor 



Self-consistent	Bogoliubov-de	Gennes	

Model	Nema.c	Glass	Superconductor		
Self-consistently determined d-wave Gap 



Spectroscopic	"Measurements"	
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d-form	factor	<->	Cold	spot	at		the	zone	diagonal	
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STM:	Homogeneous	at	low	ω	
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σ(ω): Two-peak structure at "low" T 
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σ(ω): Two-peak structure at "low" T 

Nematic glass Experiments Other scatters 

Requirements:  Dirac  nodes (vanishing DOS) 

Gap the rest (d-SC) + Protect the node (dFF scatter) 
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