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In this talk...

LGT
TNS

Using TNS/MPS for LGT

Overview of recent results:  

from Abelian to non-Abelian
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DMRG on ��4

Sugihara NPB 2004

best precision for GS, 
vector

MPS for critical QFT 
Milsted et al. 2013

time evolution, 
finite TMPS for LGT Z2

Sugihara JHEP 2005
see also Tagliacozzo PRB 2011

TNS for classical gauge models 
Meurice et al. 2013

TNS FOR LGT early 
approaches
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finite density
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2+1 dimensions



SOLVING LGT WITH TNS



GENERAL STRATEGY



GENERAL STRATEGY

Hamiltonian formulation

acting on a Hilbert space



GENERAL STRATEGY

Hamiltonian formulation

Finite dimensional degrees of freedom

acting on a Hilbert space

gauge dof require attention



GENERAL STRATEGY

Hamiltonian formulation

Finite dimensional degrees of freedom

acting on a Hilbert space

gauge dof require attention

Common ingredients for quantum simulation



GENERAL STRATEGY

Hamiltonian formulation

Finite dimensional degrees of freedom

acting on a Hilbert space

gauge dof require attention

Common ingredients for quantum simulation

Schwinger model example
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can be implemented with explicitly 
gauge invariant tensors,

truncating values of electric flux
Buyens et al., PRL 2014;

Silvi et al, NJP 2014;
See also Buyens et al., PRD 2017
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x

N

D

m/g mass gaps and GS energy density 
in the continuum x��

x � [5, 600]

N � x (up to ~850)

D � [20, 120]
convergence

finite-size

x��

JHEP11(2013)158
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SCE MPS with 
OBC

1,128379 1.1283(10)
1.22(2) 1.221(2)
1.24(3) 1.239(6)
1.20(3) 1.231(5)

m/g DMRG MPS with 
OBC

0 0.5641859 0.56414(26)
0,125 0.53950(7) 0.53946(20)
0,25 0.51918(5) 0.51915(14)
0,5 0.48747(2) 0.48748(6)

very precise for all masses

see also Buyens et al., PRL 2014
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Chiral condensate (order parameter of chiral 
symmetry breaking)

Mass spectrum

TESTBENCH: SCHWINGER MODEL

MCB, Cichy, Jansen, Cirac, JHEP11(2013)158

Relevant states can be described as MPS

Thermal equilibrium states well approximated by MPO
Temperature dependence of chiral condensate

TN allow reliable continuum limit

PoS 2014 arXiv:1412.0596;  
S. Kuehn et al. PRA 2014

MCB, Cichy, Cirac, Jansen, Saito, PRD 2015, PRD 2016

Buyens et al., PRL 2014; PRX 2016
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MCB, Cichy, Cirac, Jansen, Kühn  arXiv:1707.06434



SU(2) MODEL
Without truncating the gauge dof 

Physical subspace

Physical states: color singlets

encode {|0i, |1+i, |1�i, |2i}

| . . . ñ ñ . . .i
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our ongoing LGT-TNS 
roadmap...

Schwinger model
U(1) in 1D

Non-Abelian in 1D

2+1 dimensions
full LQCD in 3+1 
dimensions

precise equilibrium 
simulations,

feasibility of QSim
S. Kühn et al., PRA 90, 042305 (2014)

JHEP11(2013)158
PRD 92, 034519 (2015)

string breaking dynamics
S. Kühn et al., JHEP 07 (2015) 130; 

arXiv:1707.06434 

other models in 
1+1 dimensions

in progress

finite density
S. Kuehn et al, PRL118 (2017) 071601
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