
        Time:   4:00pm,  May 6, 2015 (Wednesday) 

         时间:   2015年5月6日 （周三）下午4:00 

         Venue: Room W563, Physics Building, Peking University 

         地点：北京大学物理楼 西563 

 

 

            北京大学量子材料科学中心 
               International Center for Quantum Materials, PKU 

Weekly  Seminar  
  
 

Topological Surface States in the Heavy Fermion Metals and Superconductors: 
 UPt3 and β-YbAlB4 

 
 
 
 

 
 
 
 

Andriy Nevidomskyy 
Rice University, Houston, USA 

Visiting Professor, University of Tokyo, Japan 

Abstract 
  

  

The concept of topological states of matter has captured the imagination of physicists in the last decade, 

with possible applications for quantum computing. Traditionally, such topological phases are predicted 

to occur in fully gapped insulating or superconducting materials and are characterized by topologically 

protected gapless excitations on the surface. Here, I will demonstrate a generalization of this concept to 

metallic materials with gapless bulk excitations, focusing in particular on the B-phase of the heavy 

fermion superconductor UPt3. Recent phase sensitive measurements provide strong evidence for the 

triplet, chiral pairing symmetry, which endow the Cooper pairs with orbital angular momentum Lz = ± 2 

along the c-axis. Such pairing supports both line and point nodes of the superconducting gap, and both 

types of nodal quasiparticles possess nontrivial topology in the momentum space. In particular, the point 

nodes located at the intersections of the closed Fermi surfaces with the c-axis act as the double 

monopoles and the anti-monopoles of the Berry curvature. Consequently, we predict that the B phase 

should support an anomalous thermal Hall effect, various magneto-electric effects such as the polar 

Kerr effect, in addition to the topologically protected Fermi arcs on the (1,0,0) and (0,1,0) surfaces. The 

line node at the Fermi surface equator acts as a vortex loop in the momentum space and gives rise to 

the zero energy, dispersionless Andreev bound states on the (0,0,1) surface.  At the transition from the 

B­-phase to the A-phase, the time reversal symmetry is restored, and only the nodal ring survives inside 

the A-phase. 

I will also discuss implications of topological arguments for the heavy fermion material β-YbAlB4, which 

exhibits quantum critical behaviour and (T/B) scaling with unusual exponents. I will show how these 

properties can be explained by the topologically non-trivial nodal hybridization between Yb f-electrons 

and boron conduction electrons. The possibility of topologically protected surface states in this material 

will be further discussed. 
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