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Motivation
● The Quantum Many-Body Problem

● Large number of interacting

particles

● Quantum framework

Containing Chaos - Michel Lang, 2015
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Solution: Tensors ?
● High Order Data          High Dimensionality        High Computational Cost

○ Tensors store big branches of information and are relatively easy and inexpensive to be 
used
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Spin Chains 

N
● Matrix Product State Ansatz



Spin Chains 

N

● Computing norm of a MPS

● Matrix Product State Ansatz



DMRG?
● Variational method to search for the Ground State of a system

● Sweeps over 1D chain

● Minimize parameters in order to reach GS configuration



DMRG?
● Density Matrix Renormalization Group 
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How?
● Recall Singular Value Decomposition (SVD) operation 

● Upon truncating over the Singular Values one can reduce dimensionality 
to reach a controlled approximation of the system Steady State
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Open Quantum Systems?
● Usual Lindblad Master Equation, with baths as Dissipators

● Use DMRG to reach the non-equilibrium steady state
● Our goal is to reach something analogous to 

TH TC



Vectorization
● Or Choi’s isomorphism:                             

Jian Cui, J. Cirac, M. C. Bañuls PRL, 10.1103/PhysRevLett.114.220601
G. T. Landi, E. Novaes, M. J. de Oilveira, D. Karevski - PRE 90, 042142 (2014)



Vectorization
● For example:                        

● From which we reach the standard variational search setup after doing 
the same for every other term in the Master Eq.

● Now we reach the same scenario of the usual DMRG implementations

Jian Cui, J. Cirac, M. C. Bañuls PRL, 10.1103/PhysRevLett.114.220601



Study? 
● Focused in Magnetization Flux along the chain

G. T. Landi, E. Novaes, M. J. de Oilveira, D. Karevski - PRE 90, 042142 (2014)



Study? 
Technical study of convergence by varying internal code parameters, namely

○ Bond Dimension 

○ Sweeps Number



Results
● Since doing sweeps with low bond dimension is computationally not 

demanding, we implemented a warm round up until an energy threshold 
is reached       
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Very good!



Results
● For increasing values of L we reach convergence as well
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● Even though it takes longer, it does not make the simulation unviable 
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Results
● We can then compare it to the analytical values*

* G. T. Landi, D. Karevski - PRB 91 174422 (2015)



Conclusions
● Reached a viable simulation protocol up to L = 50 easily doable in a simple 

desktop. This is remarkable

● Assured convergence by warming up and then dynamically changing BD 
with increasing sweeps

● Starting from physical state usually keeps the system well-behaved

● Code to be uploaded in Git to be used 



Thanks!


