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Evaluation comments J. D. Thompson

By any measure, the project ‘Emergence of Heavy Electrons and Their Ordering’ has been exceptionally
successful, not only in achieving its scientific goals but more broadly by providing excellent training of young
scientists and opening exciting new frontiers of research to the international materials physics community. The
discovery of new heavy-electron materials and orderings, resolving new and long-standing problems, and the
development of new theory and new experimental techniques are among the many achievements that have been
reported in well over 1000 publications. Accomplishments of this project have had a major impact in shaping the
course of scientific research internationally and ensure that the study of heavy electrons and their ordering will
remain a vibrant area of discovery science for years to come. It is impractical to summarize adequately even a small
subset of the most important accomplishments, but just a few of many possible highlights include:
o the discovery of heavy-electron superconductivity that coexists with quadrupole order and evidence that
(antiferro)quadrupole fluctuations play a crucial role in forming Cooper pairs;
o the theoretical discovery that a vibrating magnetic ion in a cage-like crystal structure leads to a robust
heavy-electron state;
o the discovery of the first example of an Yb-based heavy-electron superconductor whose superconductivity
emerges from a quantum-critical state with strong mixed valence;
e a breakthrough in the first successful layer-by-layer synthesis of artificial superlattices of heavy-electron materials
by molecular beam epitaxy and the discovery of new physics enabled by it;
e uncovering the rich physics of states and orders in a new family of RM,Z,, cage-structure compounds, where
R=rare earth or Ga, M=d-electron element and Z=Al or Zn;
o the key insight from band-structure calculations and microscopic theory as well as photoemission and dHvA
measurements that the multi-orbital character of iron-pnictide superconductors is essential for a description of their
physics; and,
o the creation of new conceptual frameworks for understanding heavy-electron materials and their orderings,
including electron-rattling states, the nature of the ‘hidden order’ state in URu,Si,, and the consequences of a lack of
structural inversion symmetry on superconductivity.
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