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Preliminaries



The standard strategy

Hamiltonian (operator) formalism for QFT

V

Quantum spin model

V

Obtaining the ground state via MPS techniques

V

Compute correlators and excited state spectrum



Motivation

- New formulation for lattice field theory

» No sign problem
»+ Real-time dynamics 1in quantum field theories

* Quantum computation for QFT’s.

In this talk: Kosterlitz-Thouless phase transition



The 1+1 dimensional Thirring model
and 1ts duality to the sine-Gordon model
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Works in the zero-charge sector
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RG flows of the Thirring model

Reminder: Kosterlitz equations
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 Massless Thirring model is a conformal field theory

cos 1rrelevant, spin wave cos relevant, Coulomb gas
mass irrelevant
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[Lattice stmulations and the MPS



Operator formalism and the Hamiltonian

Operator formaliam of the Thirring model Hamiltonian
C.R. Hagen, 1967
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Practice of MPS

COne step 1n a sweep of finite-size DMRG)

* Open BC

* Random tensors for the smallest bond dim



Simulation details

Matrix product operator for the Hamiltonian
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Choices of parameters

* About twenty values of A(g), ranging from -0.9 to 1.0

* moa = 0.0,0.1,0.2,0.3,0.4 (run 1)

* moa = 0.005,0.01,0.02,0.03, 0.04, 0.06,0.08,0.13,0.16 (run 2)
* Bond dimension D = 50, 100, 200, 300, 400, 500, 600

* System size N = 400, 600, 800, 1000



Convergence of DMRG

- Start from random tensors at D=50, then go up in D

- DMRG converges fast at mpa # 0 and Alg) < —0.7
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Numerical results for the phase structure
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Entanglement entropy

Calabrese-Cardy scaling and the central charge
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% Calabrese-Cardy scaling observed at all values of A(g) for mmga = 0



Entanglement entropy

Calabrese-Cardy scaling and the central charge
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% Calabrese-Cardy scaling observed at A(g) < —0.7 for mpa # 0




Entanglement entropy

Calabrese-Cardy scaling and the central charge
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% Central charge is unity in the critical phase



Soliton correlators

S. Mandelstam, 1975; E. Witten, 1978
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(Soliton operators ) (Vertex operators)

l connecting vortex and anti-vortex

* Power-law in the critical phase
* Exponential-law 1n the gapped phase

Power-law at criticality)
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Soliton correlators

G(r) = (Y1 (r)y4(0)), G(r) = G(r)/G(0)
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% Evidence for BKT phase transition



Chiral condensate
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% Zero-mass results reproduced using uMPS
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Phase structure of the Thirring model
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Massless Thirring model 1s a conformal field theory

conformal =\

go = g., Coleman’s instability point 9



Conclusion and outlook

Evidence for BKT phase transition found using MPS
* Chiral symmetry is not spontaneously broken

Current work for more detailed probe of the phase structure:
* More simulations at small fermion masses (done!)

* Eigenvalue spectrum of the transfer matrix

Current and future projects for this model:

* Real-time evolution with a quench
(dynamical phase transition?)

* Spectrum



