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4f or 5f 

electrons 

1-1-5 Heavy-Fermion Compounds 

CeMIn5  CeCoIn5 (Tc=2.3 K, Iel=290 mJmol-1K-2) 

PuMGa5  PuCoGa5 (Tc=18.5 K, Iel=77 mJmol-1K-2) 

4f 
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Conductance asymmetry begins at T* and saturates below Tc 

(110) (001) 
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•! Compare shapes for 

data with calculation. 

•! Flat vs. cusp-like 

•! Z is always finite. 

•! Nodes are along 

(110) direction. 

WKP et al., PRL 100, 177001 (2008) 

kx 

ky 

Spectroscopic Evidence for dx2-y2 Symmetry 

SC 

surface 

Andreev Bound States (ABS) 

Exp. Data 

Calc. 
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Background Conductance Asymmetry 
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Why is the conductance asymmetric? 
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•! Asymmetry is reproducible; 

conductance is always smaller 

when HFs are biased positively for 

the two SC 115s. 
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Two-channel Model Based on Lorentzian DOS 

O+''+,I)?$&$>5'5&("
 !     $h'U'GDCK'

 !      ( = 1, ' = 5 meV 

 !      $0 = !2.1 meV 

 !      ) = 0.28"

 !      'T1"%8 = 95 µeV 

 !      # = 600 µeV 

 !cf. 1-channel BTK fit 

 !     'T1"%8 = 218 µeV 

 !     # = 460 µeV 
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High-Temperature Deviation 

s!)<"),"')O+')'")$)-"&5,'N+$,)%.')'")$)B$,")#+,5Q(9$?5:)



<$'$)/3+&3#5(1)$,F)O+')
/&5F)#+,51)+()5X35##5,')

45(')O+')"D5&)U+F5)=Q&$,I5)
U+'9)$)30".'*-"%8>07%')

Z"F5#)O+'()>$I,+'.F5)"O)6SG)$(K>>5'&K)$,F)=QF5?)~)

•!  Fit and consistency with other data:  Measure DoS !? 

•!  Fano may be explained by interference between f-electrons 

   and conduction electrons via spin-flip (Kondo) scattering. 



Fano Effect in Kondo Lattice? 

f (5)=(qF+5)2 / (1

+52) 

•! Conjecture: Fano interference effect between two conduction channels: 
heavy-electron band and conduction electron band. 

•!  Fano factor can have negative value (interference), and peak position 

below Fermi level can mean the Kondo resonance above Fermi level. 

•! Underlying microscopic picture is being investigated, which should provide 

valuable insight into the Kondo lattice physics. 



Conductance Model based on Fano Formula 
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Fano Resonance 

Electron-Helium inelastic scattering 

Probability ratio for transition 

to discrete and continuum 
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Fano / Kondo Resonance in Single Impurities 

Co atoms on Au(111) 

V. Madhavan et al., Science 280, 567 (1998) 

Other groups: Schneider, Eigler, 

Lieber, Kern, Zhao, Berndt, … 

A: coupling to atomic orbital, direct 

or indirect via virtual transitions 

involving band electrons 

B: coupling to conduction electron 

continuum 



Fano Resonance in Quantum Dots 

K. Kobayashi et al., PRL 88, 256806 (2002) 

“The Fano effect is essentially 

a single-impurity problem 

describing how a localized 

state embedded in the 

continuum acquires itinerancy 

over the system.” 



Magnetic Field Dependence 
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