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Report on my stay at Paul Sabatier University

Department of Physics, 2nd year in master course, Soichiro Mohri

I have visited Paul Sabatier University in Toulouse, France from October 17th to
December 17th supported by long-term overseas dispatch of MERIT. I am studying
quantum phase transitions of 1-dimensional quantum spin systems in master course. In
the laboratory of theoretical physics at Paul Sabatier University, many members
including Prof. Didier Poilblanc and Prof. Pierre Pujol are actively studying quantum
spin systems, so Paul Sabatier University is one of the best places for me.

Quantum spin systems describe magnets. These models only take into account the
important degrees of freedom, so quantum spin systems are easier to treat and suitable
as the first step to understand new phenomena which classical mechanics can’t explain.
Recently, quantum spin liquids and nematic phases attract attention. These phases
don’t have classical magnetic order. Therefore, we need to consider what the order of
these phases are, in which models these phases can be stabilized and how to identify
these phases experimentally.

Phases which classical mechanics can’t explain often appear in low-dimensional
quantum systems, because quantum fluctuations are important. In 1-dimensional
systems, Tomonaga-Luttinger liquids and Haldane phases are typical examples. We can
understand Haldane phases using Valence Bond Solid (VBS) picture. In VBS picture,
we represent spin-S as symmetrized 2S spin-half. For example, the following figure
show 1-dimensinal S=1 VBS state which is a representative state of Haldane phase. In
this figure, filled circles indicate spin-half and open big circles indicate symmetrization

operation at each site to make spin-1.
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Prof. D. Poilblanc suggest extending this 1-dimensinal S=1 VBS state to
2-dimensional system. In following figure, we show two different VBS states. We are
considering model which have these two VBS states as ground states, and searching
intermediate phase between two VBS states using numerical calculation based on

tensor network.
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Tensor network is one of the methods to treat quantum many-body systems. Usually,
we take some bases and give their coefficients to represent quantum states. Generally,
the number of these bases increases exponentially, so it is difficult to treat quantum
many-body systems. On the other hand, in tensor network, we use tensors at each site
to represent quantum states. Based on tensor network, we can use new analytical and
numerical methods such as density matrix renormalization group, infinite
time-evolving block decimation GTEBD), projected entangled pair states (PEPS) and so
on. Of course, these methods also have the limitations, but the accuracy of calculations
becomes better in different situations from the other methods. Concretely, the
dimensions of the state spaces of quantum
many-body systems increase exponentially, but
the only small subsets of the state spaces are
important in low temperature physics. In tensor
network methods, we only keep the states which
satisfy “area law”.

Tensor network is not only useful method of numerical calculations but also useful
concept to understand quantum many-body systems. Tensor network is good at knowing
entanglement of quantum states. Recently, quantum information theory is used in
condensed matter physics to characterize quantum phases. For example, conventional
definition of spin liquids is the lack of magnetic order, but we can find positive definition
of spin liquids using entanglement.

The group of Prof. D. Poilblanc is actively studying with PEPS. It is very beneficial for
me to learn PEPS from Prof. D. Poilblanc and his student Mr. T. Picot in this stay. In our
work, Mr. T. Picot is calculating 2-dimensinal system with PEPS, and I am calculating
ladder systems which have edge with iTEBD. We found that there are no phase

transition between two VBS states in 2- and 3-leg ladder systems.

I appreciate financial support of MERIT, Prof. Masaki Oshikawa introducing
Toulouse to me, Prof. Pierre Pujol accepting and helping me during my stay in Toulouse,

and other members in the laboratory discussing with me.
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