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Origin and Implications of Glassy Charge
Order in Underdoped Cuprates

Origin:
r-space or k-space?



Universality of Commensurate 4a period
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Underdoped Cuprates
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Weak Coupling Mechnism

* Nesting driven Fermi surface instability
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Incommensurate,
Q decrease with p
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(Conventional) Wavevector Q/Hole-density p

Are these intrinsic Q's reflecting the
origin of the modulation?
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Conventional Amplitude Based approach

e Diffraction probe « STM
> Phase info lost > Phase sensitive
> Fit a line cut of > Fit a line cut of
Intensity Intensity
(amplitude) (amplitude)
» "Average Q" > "Average Q"



Fourier Amplitude of dFF CDW




Use the Phase of the Density Wave



Phase of Long Range 1D CDW
= Aexp[tS(x)]
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Phase of Long Range 1D CDW
W (z)=AexpliS(z)]
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Phase of Glassy 1D CDW
S(x)=Qr+ p(x) Y(z)= A(x)expliS(x)]
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Phase of Glassy 1D CDW
h(x) = A(x) exp[iS ()]




Phase of Glassy 1D CDW
S(z) =Qr+o(x) () = A(z) expliS(z)]

[dz 0,5(z) = Q
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Search Algorithm

* Notice
fda: V*(10,)Y = fdx ‘A(x)‘Q 0:5(x) ~ Q)
* Agnostic Search Algorithem:

Asses phase fitness of each "candidate" g

1. Demodulate by g  ¢4(z) = exp|—iqzx]y(x)

2. Evaluate "residue" R[] = [d ¢} (i0;)1,

3. Vanishing residue selects intrinsic Q




Min Residue v.s. Max Amplitude



Min Residue v.s. Max Amplitude

Long range ordered CDM




Min Residue v.s. Max Amplitude

Glassy CDM
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Doping Dependence of Cuprate CDW Q from R,
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Doping Dependence of Cuprate CDW Q from R,

Universality of Commensurate 4a, CDW in BSCCO-2212
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Implications:
"Anomalous" spectral features?
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“Anomalous” spectra in underdoped SC

STM
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Nodal — antinodal Energy-dependent two-peak
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Model Nematic Glass Superconductor

Self-consistent Bogoliubov-de Gennes
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Model Nematic Glass Superconductor

Self-consistently determined d-wave Gap

Self-consistent Bogoliubov-de Gennes




Spectroscopic "Measurements”



“Anomalous” spectra in underdoped SC

He et al. (2011)

Nodal — antinodal
dichotomy



ARPES: Nodal-antinodal dichotomy :‘}

He et al. (2011)
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Glassy Nematic and Cold Spots

Uniform
Nematic
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Glassy Nematic and Cold Spots

Uniform Glassy Scattering Rate
Nematic Nematic I (ke @, 0)
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d-form factor <-> Cold spot at the zone diagonal



“Anomalous” spectra in underdoped SC

STM
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Energy-dependent
heterogeneity
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STM: Homogeneous at low w
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“Anomalous” spectra in underdoped SC
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o(w): Two-peak structure at "low" T
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o(w): Two-peak structure at "low" T

Experiments Nematic glass Other scatters
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o(w): Two-peak structure at "low" T

Experiments Nematic glass Other scatters

Iy, =0.20,6, =0

Mirzaei et al. (2013)

Requirements: Dirac nodes (vanishing DOS)

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



"Anomalous Spectra": Another
Face of Nematic Glass
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Consonance of
d-SC node & the nematic glass cold-spot
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Consonance of
d-SC node &
the nematic glass
cold-spot




