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ARTICLE INFO ABSTRACT
~ The aim o this paper i 0 present a comprehensive theory of spintronics phenomena based on the concept of
Spinonics L e field. An we change a b
Gauge ficd describe system and describes low energy properties of the system. In the case of ferromagetic melals we
rys phase consider, it aises from structures of locallzed spin (magnetization) and couples (o spi current of conduction

eectro a p
tha the spin gauge field has adiabatic and nonadiabatic (offdiagonal) components, consising
field. The adiabatic component gives rise to pin By’ phse, topological Hall ffect and spin marive force,

resence of spplied spin-polarized current is studid in a microscopic
i wall motion is discussed. Recent developments on inteface spin-orbit

interaction are also mentioned.

1. Introduction called (electromagnetic) gauge field. In terms of the gauge field, the
four
Electromagnetism is absolutely essential for the present technolo-  relativistic notation (see textbooks such as Ref. [1]).
gies. Electromagnetism is described by the twa field, clectrc fild, E, Electromagnetic effects on charged particles are represented con-
and magnetic field, B. They satisfy four equations called the Maxwells  veniently in terms of the gauge field. The electric force and the Lorentz
equations, force acting on free electrons with charge ¢ and mass m is represented

by the electron Hamiltonian

vE =0
VXE H=L(p-ear o,

@ P oAV el @
and where p is momentum. The coupling obtained by replacing p in the
VE =% kinctic energy by p ~ ¢A is called the minimal coupling.

VXB =g+ @) L1 Symmetry and conservation law

j g . coand
o are dilectric constant and magnetic permeability of vacuum, re.
spectively. The first two Eq. (1) allows us 10 write the two fields by a
scalar and vector potential, § and A, respectively as

Gauge filds arise from symmeties. The symmetry for the electro-
lled U

(1) symmetry, and it ensures the conservation of electric charge. A
gauge field couples to a current that corresponds o the conservation
law. In the case of electromagnetic field, i ge current
@ We demonstrate this fact using field representation for learness. Let
us denote the field and its conjugate by p and /', and denote the
L density by (9, . The Lagrangian density contains field
derivatives only to the linear order with respect to each field y and
‘The equation the field satifies is given by the condition of least action

‘The six components of vectors E and B are therefore described by the
A e similar, but
features of

not X
A and . The fields ® (scalar potential) and A (vector potential) are
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