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Fermi-Hubbard model TI.ITI
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Anti-ferromagnetic correlations

Correlation length diverges with decreasing temperature
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Strong Interactions
Strong interactions (¢ > J = 4t*/U) — tJ-Model

Local configurations )  spin down
Q spinup
® hole

[Chiu et al, Science, 2019]
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Hole doping in |D - a parton picture TI.ITI
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Spinon: fractional spin excitation § = 1/2
Chargon: keeps relative spin orientation [Hilker et al, Science, 2017]
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Manifestation of spin-charge separation TI.ITI

Single-hole spectral function (ARPES)
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[Bohrdet, et al. Phys. Rev. B 201 8]
cl. [Szczepanski, et al, Phys. Rev. B 1990], ...



Dimensional crossover

Numerical calculation: MPS on cylinders
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Isotropic hopping ¢, = L, TI_ITI

Posrtion of hole Local spin-correlations
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Parton formalism in 2D

* Fractional spin excitation § = 1/2

» Chargon distorts 2D Neel state

» Chargon bound to spinon at the end of a string
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[Beran, Poilblanc, Laughlin, Nucl. Phys. B, 1996]
[Grusdt, et al. PRX 2018]



Quantum many-body wave function TI.ITI
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Detecting strings (approximately) TI.ITI

[Chiu, Ji, Bohrdt, et al. Science 201 9]
c.f. [Ho, PNAS 2020]




Interpretation of our numerical results

2. Confinement — saturation of string length

3.

Free chargon motion — creation of a string

Free center-of-mass motion by spinon

Manhattan distance
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Backaction of spins?
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Parton theory for ARPES TI.ITI

A(w. k) |bound = /(11/ As(w — 1, k)Ac(V).

* Momentum dependence due to spinon
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Vibrational excitations TI.ITI

Geometric string leads to linear confinement
» Vibrational mode AE ~ (J/1)?°

» Approximately constant gap for all k
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[Bohrdet, et al. PRB 2020]
c.f. [Bulaevskii et al. JETP 1968]



QUANTUM SIMULATION 'I'I.I'I'I

String patterns in the doped
Hubbard model
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Which theory is more predictive!
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Learning from theoretical predictions
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Classifying experimental data TI.ITI
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Summary and Outlook TI_ITI

hole dynamics, MPS

Parton picture: useful interpretation of hole in AFM hole dynamics, GST

4 - -$-- string length, MPS
string length, GST

Neural Networks: a new route to analyze snapshots
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Many open questions: o 1 3 3 1 5 5 7
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. Finite t el [Bohrdt, Grusdt, MK, NJP 2020°
iNnite temperature: Bohrdt, et al. PRB 2020

Bohrdt, et al. PRB 2018

* Dynamics of multiple holes?

* Frustrated quantum magnets?
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[Bohrdt, et al. Nat. Physics 201 9]
[Chiu, Ji, Bohrdt, et al. Science 2019]



