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Symmetry plays a crucial role in physics, shaping how particles and forces interact. The concept of 
spontaneous symmetry breaking, where a system that initially follows certain symmetry rules naturally 
shifts into a state that no longer does, has proven useful in many areas of physics, from particle 
physics to superconductors. 
 
In this talk, we introduce our recent classification of magnetic symmetry breakings using spin 
symmetries, which involve pairs of operations in spin and lattice space. This approach led us to 
discover two new types of magnetic quantum phases: altermagnets and anti-altermagnets. These 
expand on the well-known categories of ferromagnets (which have a net magnetization) and 
antiferromagnets (where atomic magnetic moments cancel each other out) [1-3]. What makes 
altermagnets and anti-altermagnets special is their unique spin arrangement. Unlike traditional 
magnets, they form compensated yet spin-polarized states, which break specific lattice symmetries 
while preserving certain combinations with spin rotations [1-3]. 
 
We will explain how these discoveries were motivated by our earlier prediction and observation of an 
unusual Hall effect[4], where an electric field generates a transverse Hall current in a compensated 
magnet. We will also discuss recent experiments confirming altermagnetism in materials like MnTe 
and CrSb, using photoemission techniques guided by our first-principles calculations [5]. Finally, we 
will explore how altermagnets could be used in spintronics, magnonics, topological materials, and 
multiferroics, paving the way for faster, smaller, and more energy-efficient nanoelectronics [1,6]. 
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