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Machine-Learning Studies on Spin Models
K. Shiina, H. Mori,Y. Okabe, and H.-K. Lee, Sci Rep 10,2177 (2020)

Numerical simulations, such as Monte Carlo methods, have been successfully employed in the study of phase
transitions and critical phenomena'. In spin systems, the spin configurations are sampled using a stochastic éw w jbE
importance sampling technique, and the estimators for physical quantities, such as the order parameter and the ﬁ E
specific heat, are evaluated for these samples.

several spin models have recently been studied through machine learning=". Carrasquilla and Melko~ pro-
posed a paradigm that is complementary to the above approach. By using large data sets of spin configurations,
they classified and identified a high-temperature paramagnetic phase and a low-temperature ferromagnetic ﬁ 'J'U e =2
phase. It was similar to image classification using machine learning. They demonstrated the use of fully connected R
and convolutional neural networks for the study of the two-dimensional (2D) Ising model and an Ising lattice

rarime thones

In this study, we extend and generalize the method proposed by (Earrasquilla and Melko’. First, instead of
considering the spin configuration itself, we analyze the long-range correlation configuration, which will be
explained later. From this analysis, we can evaluate the multi-component systems, such as the Potts model, and
the systems with a vector order parameter, such as the XY model. We can identify identical configurations with
the permutational symmetry or the rotational symmetry, which results in an efficient classification of phases. q'c w
Moreover, the inclusion of long-range correlation is helpful in the study of phase transition. Second, we investi- ﬁ E
gate the Berezinskii-Kosterlitz-Thouless (BKT) phase’'", described by a fixed line instead of a fixed point from
the perspective of the renormalization group, using the same treatment as the paramagnetic-ferromagnetic
phase transition. By studying the 2D clock model, which is a discrete version of the XY model, we classify the
paramagnetic-BKT-ferromagnetic transitions through machine learning.
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Numerical simulations, such as Monte Carlo methods, have been successfully employed
in the study of phase transitions and critical phenomena [|].

SEHT—BRICEMTIIASh LD, TORFOFRAGHEHEDL, LEa—
MXTHD I ENZL

[I] D.P.Landau & K. Binder A Guide to Monte Carlo Simulations in Statistical Physics,
4th edition, (Cambridge University Press, Cambridge, 2014).

K. Shiina, H. Mori,Y. Okabe, and H.-K. Lee, Sci Rep 10,2177 (2020) »
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Several spin models have recently been studied through machine learning [2-6].
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In this study, we extend and generalize the method proposed by Carrasquilla and Melko [2].
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