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Parity effect in superconductors
Single electron transistors with the superconducting isle
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Ground state parity switching
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Odd and even states
have different energy!
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Experiments
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Finite temperature
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Finite temperature

∆

εk

The ground state is supposed to be
even

Fo − Fe ≈ ∆ − T ln
(
νV
√
8π∆T

)
T∗ ∼

∆

ln(νV∆)
� ∆



Finite temperature

Hamiltonian of the interacting electrons:

Ĥ =
∑
kσ

ξk â
†

kσ
âkσ −

∑
kk ′

Vkk ′â
†

k↑
â†
k̄↓
âk̄ ′↓âk ′↑

Bogoliubov transform:

γ̂k↑ = uk âk↑ − v
∗
k â
†

k̄↓

γ̂k↓ = uk âk↓ + v ∗k â
†

k̄↑

Ĥk =
∑
kσ

εk γ̂
†

kσ
γ̂kσ + Ĥr = Ĥq + Ĥr



Finite temperature

Approximation for the density matrix is

ρ̂e(o) =

(
1 ± e iπN̂

)
e−Ĥq/T

Tr
(
1 ± e iπN̂

)
e−Ĥq/T

.

The free energy

Fe(o) = Tr
(
ρ̂e(o)Ĥ + T ρ̂e(o) ln ρ̂e(o)

)
should me minimized over uk , vk and εk .

Corrections to ∆ and the spectrum have order of
(
νV
√
∆T

)−1
Janko, et. al., Phys. Rev. B 50, 1152 (1994)



Parity effect in Josephson junctions

Quantum point contact

Spectrum of Andreev states



Parity effect in Josephson junctions

Current-phase dependence for the even/odd parity, d/ξ � 1.



Parity effect in Josephson junctions

Current-phase dependence for the odd parity, y = d/ξ � 1.



Ground state parity switching

1D p-wave superconducting ring. “Spinless” fermions (strong
Zeeman interaction)
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Ground state parity switching

1D p-wave superconducting ring. “Spinless” fermions (strong
Zeeman interaction)
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Φ = πħc
eΦ = πħc
eΦ = πħc
e

All states are paired



Ground state parity switching

λ

ε

BdG spectrum

Parametric Hamiltonian

Ĥ(λ) → εn(λ)

Parity of the ground state switches at the
zero crossing εn0(λ) = 0, e.g. at λ = 0



Examples

1D ring of p-wave superconductor with a Josephson junction

Φ

ε

Φ0 2Φ0−Φ0−2Φ0

H. J. Kwon, et. al., Eur. Phys. J. B 37, 349 (2004)



Examples

Yu–Shiba–Rusinov state in s-wave superconductor

J

ε



Thank you for attention!


