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Matrix Product States (MPS)

MPS ansatz
» Coming form quantum information theory

* MPS ansatz with open boundary conditions (OBC) for system
with N sites
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Scaling
® Number of parameters in the MPS with OBC
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Monte Carlo Matrix Product States
Expectation values v Ground states 4
Correlation functions v Low lying excitations v
Time evolution X Time evolution v
Sign problem free ) Sign problem free v
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Multi-flavor Schwinger model

Lattice Hamiltonian formulation
o Lattice formulation with Kogut-Susskind staggered fermions
N-1 F

ZZ(I o [ -
=1 f=1
)" my +. nf¢nf+_z
1

+
MES n’§’|‘-
Mm

n=1 F:l




Multi-flavor Schwinger model

Lattice Hamiltonian formulation
o Lattice formulation with Kogut-Susskind staggered fermions

i N—-1 F
o o )
N
+ZZ( mf +. nf¢nf+_z L2
n=1

n=1 f=1

Kinetic part + Coupling to gauge field Mass term Chemlcal potential Electric energy




Multi-flavor Schwinger model

Lattice Hamiltonian formulation
o Lattice formulation with Kogut-Susskind staggered fermions

i N—-1 F
o o )
N
+ZZ( mf +. nf¢nf+_z L2
n=1

n=1 f=1

Kinetic part + Coupling to gauge field Mass term Chemlcal potential Electric energy




Multi-flavor Schwinger model

Lattice Hamiltonian formulation
o Lattice formulation with Kogut-Susskind staggered fermions
;N1 F

Kinetic part + Coupling to gauge field Mass term Chemlcal potential Electric energy

« Gauss Law




Multi-flavor Schwinger model

Lattice Hamiltonian formulation
o Lattice formulation with Kogut-Susskind staggered fermions
;N1 F

Kinetic part + Coupling to gauge field Mass term Chemlcal potential Electric energy

« Gauss Law




Multi-flavor Schwinger model

Lattice Hamiltonian formulation
o Lattice formulation with Kogut-Susskind staggered fermions
;N1 F

Kinetic part + Coupling to gauge field Mass term Chemlcal potential Electric energy

« Gauss Law




Multi-flavor Schwinger model

Lattice Hamiltonian formulation
o Lattice formulation with Kogut-Susskind staggered fermions
;N1 F

Kinetic part + Coupling to gauge field Mass term Chemlcal potential Electric energy

« Gauss Law




Multi-flavor Schwinger model

Lattice Hamiltonian formulation
o Lattice formulation with Kogut-Susskind staggered fermions
;N1 F

Kinetic part + Coupling to gauge field Mass term Chemlcal potential Electric energy

« Gauss Law




Multi-flavor Schwinger model

Lattice Hamiltonian formulation

# Dimensionless formulation on gauge invariant subspace
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MPS approach to the multi-flavor Schwinger model

» Focus on the two flavor case at zero temperature

e Fix 1 =0 and vary 1,
» Use MPS with with OBC
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MPS approach to the multi-flavor Schwinger model

» Focus on the two flavor case at zero temperature

® Fix 1 =0 and vary 1,

* Use MPS with with OBC

» Fixed physical volume

Bond dimension: D € [40,220]
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Massless case m/g =0
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Preliminary results

Massive case
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Preliminary results

Scaling with volume of the 1. jump
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Conclusion & Outlook

Conclusion
+ Good agreement with analytic
prediction
« Sign problem can be overcome

» Readily extends to massive case

Outlook

« MPS are very versatile

» Finite temperature

» Dynamical problems

» Non-abelian gauge models

» Generalizations to higher
dimensions exist

- N,




Thank you for your attention!




A. Ground state calculation with MPS

Algorithm
e State as MPS with OBC
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B. Extracting the jumps

Eigenvalues inside a block
# Hamiltonian conserves particle numbers N; and N>

H = v1Ny + voNo + Haux,

» Energy eigenvalues
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Eigenvalues inside a block
# Hamiltonian conserves particle numbers N; and N,

H = v1Ny + voNo + Haux,

» Energy eigenvalues

o Emin(Haux|(N1,N2))




B. Extracting the jumps

Locating the jumps
« Transition from (N1, Na) to (N1, No) < E(nyng) = E(fy i)

Emin(Haux|(N1,KI2)) - Emin(Haux|(N1,N2))
Nl - N

(2 = v1)|jump =
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