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A topological superconductor (TSC) is characterized by the topologically protected gapless surface
state that is essentially an Andreev bound state consisting of Majorana fermions. While a TSC has not yet
been discovered, the doped topological insulator Cu,Bi,Se;, which superconducts below ~3 K, has been
predicted to possess a topological superconducting state. We report that the point-contact spectra on the
cleaved surface of superconducting Cu,Bi,Se; present a zero-bias conductance peak (ZBCP) which
signifies unconventional superconductivity. Theoretical considerations of all possible superconducting
states help us conclude that this ZBCP is due to Majorana fermions and gives evidence for a topological
superconductivity in Cu,Bi,Se;. In addition, we found an unusual pseudogap that develops below ~20 K
and coexists with the topological superconducting state.
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Tunneling Conductance and Surface States Transition in Superconducting Topological
Insulators

Ai Yamakage,! Keiji Yada,! Masatoshi Sato,? and Yukio Tanaka!

! Department of Applied Physics, Nagoya University, Nagoya 464-8603, Japan
2 Institute for Solid State Physics, University of Tokyo, Chiba 277-8581, Japan
(Dated: March 2, 2012)

We develop a theory of the tunneling spectroscopy for superconducting topological insulators
(STIs), where the surface Andreev bound states (SABSs) appear as helical Majorana fermions.
Based on the symmetry and topological nature of parent topological insulators, we find that the
SABSs in the STIs have a profound structural transition in the energy dispersions. The transition
results in a variety of Majorana fermions, by tuning the chemical potential and the effective mass
of the energy band. We clarify that Majorana fermions in the vicinity of the transitions give rise to
robust zero bias peaks in the tunneling conductance between normal metal /STI junctions.
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Possible explanations:

-Andreev reflection
-reflectionless tunneling

-magnetic scattering

-unconventional Andreev bound states (ABS)
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Hri(k) = mo, + v, k0, +v0,(kysy, — kysz),

m = mo + mi ks + ma(ks + k;)

(mimeo > 0)

Sy 5 Oy Pauli matrices in spin and orbital spaces




Bogoliubov-de Gennes

(BdG) Hamiltonian in (@DJT Vol s —wi L ¢2T>

Nambu representation

HSTI(k) S (HTI(k) _ ,U)TZ = ATZE?

six independent pairings:
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Surface Andreev Bound State
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