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Emergence

Y. Tokura et al., Nature Physics (2017)
LatticeElectronic
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What if no symmetry is broken? 

QSL or FQH - purely by wavefunction!
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Optical Noise
Generate “Sidebands”Absorption/ReflectanceP = αE = (α0 +

dα
dÔ

δÔ)E

Iij(ω) = | ̂ϵi ⋅ Rij ⋅ ̂ϵj |
2 Symmetry→

Ô = ̂a Phonon→

Magnons/Spinons→Ô = f( ̂S ⋅ ̂S)

electrons→Ô = f( ̂ρ ⋅ ̂ρ)

PRB 13, 169 (1976)
Proc. Phys. Soc. 86, 699 (1965)

T. Devereaux and R. Hackl Rev. Mod Phys. 79, 175 (2007)
Solid State Comm. 30, 429 (1979)

Quantum
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Higgs

FerroAxial CDW

b*-qCDW

qCDW

Ka

Kb

TEM - Incommensurate CDW 
E. DiMasi, M. Aronson, et al 

PRB 52, 14516, (1995)

a’

T Dependence: 
R. V. Yusupov, et al (PRL 2008) 
M. Lavagnini, et al (PRB 81, 081101 2010) 
Y. Chen, et al (APL 115, 151905 2019) 
XX vs. YY:  
H.-M. Eiter, T. Devereaux, L. Degiorgi et al (PNAS - 2013)
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Destructive

Constructive

Rab = − Rba

b* − qCDW |Px⟩|Py⟩

qCDW
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|Px⟩
Raa > 0
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CDW Gap Measure 
Phase?

Y. Wang, L. Schoop, KSB et al (Nature - 2022) 
B. Singh, KSB et al (Nature Phys - 2025)
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Continuum

Spin Liquid

Majorana

Fermions (spinons)

Bosons

A. Kitaev, Annals of Physics 321, 2 (2006)
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Y. Wang, KSB,  Nat. Quantum Materials (2020)
L. Sandilands, KSB et al, PRL 114, 147201 (2015)
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burchlab.org Detecting Entanglement
Hanbury Brown-Twiss Density Matrix
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burchlab.org Interference and Bell Tests

S.T. Valez et al, Science Advances 6, eabb0260 (2020)

V. Vento et al, Nat. Comm 14, 2818 (2023)
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burchlab.org Next Steps

• Two-Phonon?

• Spatial g2

• “Glue” (Magnons/Phonons)? 

• Raman Phase

• Conditional Probability?

• Fractional Symmetries?

• Fractional Bell Test?

• New Photon Sources?

http://burchlab.org
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Y. Wang, KSB et al, NPJ Q. Mat (2020)

Fermionic Response - RuCl3
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Y. Wang, KSB et al, Nature (2022); 
B. Singh, KSB et al, Nature Physics (2025)
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