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Monte Carlo Simulation of Mesoscopic Magnetic Systems
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We present a Monte Carlo (MC) method for simulat-
ing mesoscopic magnetic systems. The merits of the
MC method are as follows. (1) It takes into account
microscopic features of the systems such as the lattice
structure, composition of magnetic atoms, exchange
interactions, and anisotropy of individual magnetic
atoms, as well as the shapes of the samples. (2) Systems
can be treated at finite temperatures. The method is
applied to the following three problems: (i) the magnet-
ic ordering of nano-scale ferromagnetic particles, (ii)
the magnetization process for disk dots, and (iii) the
domain structure of ultrathin magnetic films with sur-
face anisotropy.
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Fig. 1 Single spin in a magnetic field.
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Fig. 2 Flowchart of the Monte Carlo method.
Here, N is the number of spins and M is Monte
Carlo step.
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Fig. 3 Temperature dependences of the specific
heat C and the magnetization M of a Heisenberg
ferromagnet on L XL XL lattices.
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Choose spin S; i
I
Calculate T_rinear
= > — —
Update spin S; by Hi = Hinear+ H far
| ! N times
Obtain physical quantities
M times

Next temperature

Fig. 4 Flowchart of the discrete update Monte
Carlo (DUDMC) method.

Table 1 CPU times in milliseconds on a Pentium
IV 2.8 GHz for one Monte Carlo sweep. The top
and bottom values are the results for the DUDMC
method and conventional MC method, respec-
tively. We use a GNU g77 compiler with option
—Q5 and the FFTW3 library.!®

LXL
¢

8X8 1616 32x32 64X64 128x128

2 0.31 1.38 6.17 30.42 14141

0.62 5.09 75.09 1175.8 -

4 0.61 2.97 12.73 65.62 292.64

1.34 20.53 321.11 — —

8 1.52 6.35 28.54 135.01 606.19

5.61 78.63 1176.8 - —

16 3.19 13.06 62.71 276.69 1280.2

22.47 317.99 — — —

32 6.78 30.34 131.99 617.56 2756.3

94.61 1285.1 — —

64 16.18 73.95 315.57 1463.9 -

361.9 — — — —
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Fig. 5 m dependences of the specific heat C, the
magnetization M, and the circular magnetization
My=<{I[(1/N)Zi(S X (ri—rJ)/Iri—r.)l1>, where r;
and r. are the position vectors of the ith spin and
the center of the lattice, respectively.”
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Fig. 6 Temperature dependences of the specific
heat C and the magnetization M of a Heisenberg
ferromagnet on L XL XL lattices.
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Fig. 7 Shape of dots.
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Fig. 8 Size dependences of the magnetization curves of the ferromagnetic dots at temperature 7/7¢=0.3.
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Fig. 9 Magnetization curves of the ferromag-
netic dots at temperatures 7/T¢=0.1, 0.3, and 0.6.
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Fig. 10 Snapshots of the spin structure at
T/Tc=0.4 for L XL X¢ lattices. Here, T¢ is the
transition temperature of a bulk ferromagnet.
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Fig. 11 Temperature dependence of the spin
structure for a 63 X63X7 lattice. Left and right
WD THIREICTE - 12 panels are the in-plane and the out-of-plane
components, respectively. Here, T¢ is the transi-
tion temperature of a bulk ferromagnet.
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