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Boundary Element Method for Electron Transport

in the presence of pointlike scatterers of magnetization
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The boundary element method (BEM) is so extended as to treat two-dimensional electron

systems in the presence of magnetic moment islands by two ways. One is for several

finite strength and finite size magnetic domains, while the other is for a lots of point-

like magnetic moments. At first of all, it is shown that the existence of domain walls

qualitatively does not need to be taken into consideration in ballistic transport if we

assume an effective width of magnetic domain. This fact makes it easy to analyze the

problems by BEM. As examples, the extended methods are applied to a quantum wire

with magnetic moment islands. We directly see that magnetic scatterers, even point-like

magnetic moments, lead to spin flip, localization and resonance.
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Fig.1 A schematic picture of the magnetic domain of width
L with domain wall of width A,,.
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Fig.2 Transmission and reflection spectra of up and down

spins for Ay, =0 and L = 1.
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Fig.3 Transmission and reflection spectra of up and down
spins for Ay, =1/2and L =1.
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Fig.4 Transmission and reflection spectra of up and down
spins for Ay, = 3/8 and L = 3/4.
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Fig.5 A quantum wire of width d with a rectangular mag-

netic domain.
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Fig. 6 The density plot of |1(r)|* in the configuration of
Fig.5 for kd = 5 and M = (0,20,0). Above figure is for up
spin, below down spin. The square at the center indicates
the region of the magnetic domain. The transmission and
reflection probabilities are Ry = 0.08, T3 = 0.47, R, =~ 0.11
and Ty =~ 0.34.
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Fig.7 A model of a quantum wire of width d with point-like

scatterers.
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Fig. 8 The reflection and transmission spectra with four

point-like scatterers of @ = 0.05 and Va® = 1.75.

Fig. 9 The density plot of |3(r)|* for kd = 6.27. The four

circles denotes the scattering areas.
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Fig. 10 The density plot of |¢(v)|* for kd = 9.42.
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Fig.11 The reflection and transmission spectra of the quan-
tum wire with four point-like magnetic scatterers of a = 0.05
and Ma* = (0,1.75,0). Both R, and 7| almost vanish over
the whole of kd.
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Fig.12 The reflection and transmission spectra of the quan-
tum wire with four point-like magnetic scatterers of a = 0.05
and Ma* = (0,0.01,0).
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Fig. 13 The density plot of |2(7)|* for kd = 4.6, where
RT =~ 0.12, T? = 0.15, RJ_ 2 0.30 and TJ_ ~ 0.43.

Fig. 14 The density plot of |i(r)|* for kd = 7.11, where
Ry ~ 0.14, T; =~ 0.01, R, ~ 0.03 and T, ~ 0.82.

Fig. 15 The density plot of |(7)|* for kd = 9.42, where
Ry =~ 0.05, Tr = 0.95, R, ~ 0.00 and T, = 0.00.
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Fig. 16 Asymmetric configuration of magnetic scatterers
with My = (0,m,0) and M> = (m,0,0).
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Fig.17 The reflection and transmission spectra of the asym-

metric configuration for a = 0.05 and ma® = 0.01.
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Fig. 18 The density plot of |¢(r)|* for kd = 8.37 where
Ry 2 0.05, Ty ~ 0.63, Ry ~ 0.17 and T} = 0.15.
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