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Mixed superconducting potentials
Noncentrosymmetric superconductors

Mixture of s and p
◦ Px 𝑑 = (0,0, cos𝜙)
◦ Chiral 𝑑 = (0,0, 𝑒!")
◦ Helical 𝑑 = (cos𝜙, sin𝜙, 0)

Mixture: Δ = Δ!
"
#!$"

+ #
#!$"

𝑑(𝜙) ⋅ 𝜎 𝑖𝜎%
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SNN junction
No supercurrent

Dissipative current

Proximity effect
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Model
Not material specific

Gorkov equation

Quasiclassical approximation

Dirty limit

Usadel equation

Tanaka-Nazarov
◦ 2D: different modes
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Quantities of interest
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Density of states
◦ Near SN interface

Conductance
◦ Charge
◦ Spin



2D Chiral: Δ! = Δ"𝑒#$ Density of states
𝜙 ∈ (− &

'
, &
'
) Δ± =

"
#!$"

± #)"#

#!$"

𝐸 = 0 → No binary distinction *$(,)
|*$ (,)|

, *%(,)
|*% (,)|
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2D Helical: Density of states
Binary splitting  Δ± =

"
#!$"

± #
#!$"

Eigenvalues cos𝜙𝜎/ + sin𝜙𝜎%
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2D Chiral and Helical: Conductance
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Chiral Helical



Spin conductance
Distribution functions not equal

Minor modification of charge conductance

Confirmed in ballistic case
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Chiral Helical



Distinguish chiral and helical
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𝑑 = cos𝜙, sin𝜙, 0𝑑 = 0,0, 𝑒!"



Conclusion
Sharp distinction between 

*&
*'
< 1 and 

*&
*'
> 1

Chiral Helical

LDOS

Charge conductance

Spin conductance
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Spin
Singlet: Reverse Δ

Triplet: Same Δ

H = 

𝐸 0
0 𝐸

0 Δ0 + Δ1
−Δ0 + Δ1 0

0 −(−Δ0 + Δ1)

− Δ0 + Δ1
∗

0
−𝐸 0
0 −𝐸

Δ0𝑖𝜎%, Δ1𝜎3𝑖𝜎%
Decouple

Helical: d/𝑑% ≠ 0, angular dependent → No decoupling?
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Chiral/Px:
𝑑# = 𝑑$ = 0



Helical p-wave
Spin momentum correlation

𝑑/ = cos𝜙, 𝑑% = sin𝜙, 𝑑3 = 0

Symmetry: transform to ↑/, ↓/

◦ 𝑈 = %
&

1 1
1 −1 0

0 1 1
1 −1

𝑌𝐼 𝜙 𝑌 = 𝐼(−𝜙)

→ 𝑌 𝐼 𝑌 = 𝐼

→ Two by two matrices, but with harder boundary condition
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Interface:
Averaging over (− '

&
,'
&

)

∫(!"

!
" sin 𝜙 𝑑𝜙 = 0


