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Hybrid Monte Carlo simulations of the Hubbard model [Ostmeyer et al. 2020, 2021]

H=-— Z cjwcy’s + %UZ(]%
(z).s z

2/13



Hybrid Monte Carlo simulations of the Hubbard model [Ostmeyer et al. 2020, 2021]
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Hybrid Monte Carlo simulations of the Hubbard model [Ostmeyer et al. 2020, 2021]




Beyond half filling?
Sign problem!
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» Lefschetz thimbles & holomorphic flow
[Alexandru et al. 2016; Cristoforetti et al. 2013; Ulybyshev et al. 2020; Wynen et al. 2021]
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Beyond half filling?
Sign problem!
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» Reweighting: (O) ey

» Lefschetz thimbles & holomorphic flow
[Alexandru et al. 2016; Cristoforetti et al. 2013; Ulybyshev et al. 2020; Wynen et al. 2021]

» Tensor Networks
[Corboz 2016; Schneider et al. 2021]
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Projected Entangled Pair States (PEPS) [oras 2014; Verstraete & Cirac 2004]

) =3 ") ) Ay [51) @ [52) @ - @ |sw)
S1 So SN

4/13



Projected Entangled Pair States (PEPS) [oras 2014; Verstraete & Cirac 2004]
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Projected Entangled Pair States (PEPS) [oras 2014; Verstraete & Cirac 2004]

=2 Y A ) @ ) @8
~ Z Z ZASMM sos01,000 Aé\zfv SN |81> ® |52> Q- & ’5N>

Truncate a; < D Vi

4/13



Fermionic PEPS [Corboz et al. 2010]
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Fermionic PEPS [Corboz et al. 2010]
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Parity link
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Ground state search

» Fix bond dimension D
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Ground state search

» Fix bond dimension D

» Initialise PEPS randomly

» Trotter-decomposed imaginary time evolution
» Local updates

» Contract network to calculate expectation values
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Simple Update
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Simulations with chemical potential (3 x 4 hex. lattice, U = 2)
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Simulations with chemical potential (3 x 4 hex. lattice, U = 2)
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Simulations with chemical potential (30 x 15 hex. lattice, u = 0.5)
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Stability issues with odd parity
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Stability issues with odd parity
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Possible solutions

» Non-local Full Update
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» Use only even parity ground state
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Possible solutions

» Non-local Full Update

» Use only even parity ground state
— alternative observables required

» Open for suggestions!
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Summary
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