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Heavy fermion systems are prototype materials for strongly correlated electron physics. In
these intermetallic compounds, the interplay between localized f-electron moments and
itinerant conduction electrons leads to quasiparticles with extremely large effective masses
and a delicate balance between competing ground states. As a result, heavy fermion
materials are often naturally poised on the verge of a quantum phase transition, making
them ideal systems for investigating quantum criticality [1,2].

In this talk, | will introduce the key concepts of heavy fermion physics, including the Kondo
effect, RKKY interaction, and the emergence of unconventional superconductivity [3]. A
central focus will be quantum criticality as an organizing principle of correlated matter. | will
discuss different types of antiferromagnetic quantum critical points, contrasting the
conventional spin-density-wave scenario with the unconventional Kondo-destroying (lLocal)
quantum critical point, where the breakdown of the Kondo effect leads to an abrupt
reconstruction of the Fermi surface.

These ideas will be illustrated using the prototypical compound YbRh,Si., in which quantum
criticality can be tuned by an external magnetic field and signatures of Fermi-surface
reconstruction have been observed. | will further present ongoing research on CesPtlnq; [4]
on our institute, as an interesting compound where magnetism and superconductivity
coexist.

In the final part of the talk, | will discuss emerging directions in heavy fermion research,
including unconventional superconductivity and possible topological properties.
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