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Tunneling spectroscopy of Unconventional 
superconductors

What is expected in unconventional 
superconductor junctions?
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Quasiparticles feel different sign of the pair potential depending on 
their motions.
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Mid gap Andreev 
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Surface bound state
Hu (1994)
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Condition of the formation of 
mid gap Andreev resonant state(MARS)
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Zero bias conductance peak (by MARS) 
observed in cuprate

S. Kashiwaya and Y. Tanaka
Rep. Prog. Phys. (2000)
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MARS observed in triplet superconductor Sr2RuO4

Phys. Rev. Lett. 87, 037003 (2001)Mao, Nelson, Jin, Liu and Maeno
Kawamura,  Yaguchi,  Kikugawa Maeno Takayanagi 

J. Phys. Soc. Jpn. 74 531 (2005)
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Y. Maeno, G. Bednorz et al.    
Nature 372 532 (1994)



Superconducting Materials where 
MARS is observed

YBa2CuO7-δ (Geerk, Kashiwaya, Iguchi, Greene, Yeh, Wei…)

Bi2Sr2CaCu2Oy (Ng, Suzuki, Greene….)

La2-xSrxCuO4 (Iguchi)

La2-xCexCuO4 (Cheska)

Pr2-xCexCuO4 (R.L.Greene)

Sr2RuO4 (Mao, Meno, Kawamura,Lube)

 κ-(BEDT-TTF)2X, X=Cu[N(CN)2]Br (Ichimura)

 UBe13 (Ott)

CeCoIn5 (Wei)
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Proximity effect and total resistance of the junction

Proximity effect has an crucial influence on the charge transport
in diffusive normal metal / s-wave conventional superconductor junction 

（ DN / S junction ）
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Retro reflectivity of the Andreev reflection in DN
Beenakker: Rev. Mod. Phys. (97) 
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It is effective to use quasiclassical Green’s function to 
describe charge transport.

Proximity effect is enhanced by the Andreev reflection
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Local density of states in DN (d-wave)
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Condition for the proximity effect
Averaging from many channels

Inversion symmetry at the plane 
perpendicular to the interface

Symmetric Anti symmetric
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Condition for the proximity effect

Averaging from many channels
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Normalized tunneling conductance

–0.3 0 0.3
0

2

4

6

eV/ Δ0

σ
(e

V
)

a
b
c

dxy-wave

DN dxy-wave

No proximity effect

RD RB

ZBCP only by MARS

–0.3 0 0.3
0

2

4

6

eV/ Δ0

σ
(e

V
)

a

b
c

Px-wave

DN px-wave

RD/RB=0

RD/RB=0.5

RD/RB=1

RD RB

ZBCP by MARS  
ZBCP by proximity effect

Giant ZBCP



Local density of states in DN

Zero energy peak (ZEP) is expected  only for triplet junctions!!
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Unusual energy dependence of pair 
amplitude

• Triplet junctions 

• Singlet junctions



New idea to detect triplet 
superconductor

MARS (Mid gap Andreev resonance state) can penetrate into DN 
by proximity effect only for  triplet superconductor junctions 

LDOS in DN has a zero 
energy peak!!

Diffusive normal 
Metal (DN)

STS

Triplet superconductor

MARS
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Metal (DN)

STS
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LDOS in DN does not have 
a zero energy peak!!
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1. Singlet superconductor  junctions (Example d-wave)
MARS (Andreev resonant state) competes with proximity effect
MARS can not penetrate into DN 

2. Triplet superconductor junctions (Example p-wave)
MARS can coexist with proximity effect
Total resistance of the junction is drastically reduced!!
MARS can penetrate into DN
Enhanced proximity effect  is sensitive to applied 
magnetic   field                   

Conclusions

Charge transport in DN/unconventional superconductor junctions



Future plans
(1)To clarify anomalous proximity effect 

(Meissner effect, unusual energy dependence of 
pair amplitude) 

(2)Josephson effect
(3)Ferromagnet junction and spin current
(4)Noise and full current statistics

[Phys. Rev. B 71, 094513(2005)]

(1)Sr2RuO4-Ru, Sr2RuO4-Sr3Ru2O7

(2)3K Phase
(3)STM experiments of Sr2RuO4
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