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Abstract
Gauge concept had evolved [1] from Faraday’s electrotonic state of matter,
Maxwell’s gauge freedom, Weyl’s gauge invariance, to Yang and Mills’
non-commutative symmetry in the standard model. In condensed matter, gauge theory is
studied in superconductivity and quantum Hall effects. Recently (21st century), gauge
concepts emerged with interesting physical significance in the technologies of
electronics, spintronics, and photonics, on the meso/nanoscale as well as the
quantum-info scale. These technologies can be realized in solid state materials from
metal, semiconductor, carbon (graphene), to insulators (topological). In this talk, we
will describe the non-Abelian gauge physics [2, 3] that exists in a wide range of
material system with spin orbit coupling. We discuss its relation to the classical notion
of forces and velocities, and its measurement in technologically relevant parameters of
conductivity and voltage. We will give a specific introduction to the spin orbit torque,
which is gaining popularity in the engineering physics community working on magnetic
non-volatile memory. We first derived a concise formula for the field-like spin orbit
torque in 2007 [4] based on the gauge theory, and the formula was experimentally
confirmed recently [5]. Today research is ongoing in using the physics of spin orbit
torque to switch the binary states of magnetic memory. We will also introduce the
significance of gauge theory in the spin Hall effect (SHE), the spin version of the
classical Hall effect. We also describe a full treatment of SHE using the gauge theoretic
approach, and show the need for corrections to the results of SHE conductivity
previously derived in many well-known material systems.
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