Variational wavefunctions for the pseudogap metal
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Long-standing mystery in cuprates - the nature of the pseudogap
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View the pseudogap metal as a quantum
state, which could be stable at T'=0

under suitable conditions

Goal: construct a mean-field theory
that captures both FL and psuedo-
gap metals




Paramagnon theory of the Hubbard model
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Paramagnon theory of the Hubbard model
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Paramagnon theory of the Hubbard model

AFQMC connection: re-
formulate e ™ |¢)9) as 2D
free fermions coupled to
(241)D  classical fields.
“Re-quantizing” classical
fields gives e~ 55 |4ho) ®|a)
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Paramagnon theory of the Hubbard model
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Mean-field phase diagram of the pseudogap metal
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FL* phase qualitatively captures pseudogap features
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FL* phase qualitatively captures pseudogap features
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Paramagnon fractionalization admits trial wavefunctions
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Rung singlet projection

e How do these states fare
energetically?

e Can they reproduce (static)

correlation functions?




Paramagnon fractionalization admits trial wavefunctions
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Spin singlet projection implementation

P(R) = (B ®@ (1) [¥mr)

Scales exponentially




Spin singlet projection implementation
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Spin singlet projection implementation
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Results at half filling, 4 x 4 lattice
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Results at half filling, 4 x 4 lattice

% Relative Error

Hole-induced spin correlations
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QUANTUM SIMULATION

Microscopic evolution of doped Mott insulators from
polaronic metal to Fermi liquid

Joannis Koepsell2*, Dominik Bourgund®Z, Pimonpan Sompet'2, Sarah Hirthe'2,

Annabelle Bohrdt?, Yao Wang**, Fabian Grusdt2®, Eugene Demler?s, Guilaume Salomon'272,
Christian Gross*>®, I Bloch'2®
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Future directions

For pseudogap: General perspectives:

e Careful finite size analysis - average e Using “quantum” auxiliary fields for
over BCs, extrapolate to trial variational wavefunctions - how
thermodynamic limit, etc optimizable is a more general

e Non-zero doping - at U/t = 8, projection?

energetic favourability vanishes
around p =~ 0.25

e GA for simplifying wavefunctions?



