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Introduction

Majorana states→Topological Quantum computation

Semiconductor-superconductor interface1,2

1R. Lutchyn et. al. PRL 105, 077001 (2010)
2Y. Oreg et. al. PRL 105, 177002 (2010)
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Bottom-up:

??



Topological superconductivity

Kitaev model → Majoranas
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Bottom-up approach
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arXiv:2207.06160



Fine-tuned Majoranas

S

M. Leijnse and K. Flensberg, PRB 86, 134528 (12’),    J. Sau and Das Sarma, Nat. Commun. 3, 964 (12’) ,    C-X Liu et al., PRL 129, 267701 (2023)
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Elastic cotunneling 𝑡: 𝑡𝐸𝐶𝑇 Crossed Andreev reflection ∆: 𝑡𝐶𝐴𝑅

S

Interactions?

Strong tunnel coupling?

Finite field in the dots?

No topological protection

All properties from Majoranas

=
Majoranas!



Fine-tuned Majoranas

S. V. Aksenov, et al., PRB 101, 125431 (20’).

S

𝐵
∆

A. Tsintzis, RSS, M. Leijnse, Phys. Rev. B 106, L201404 (22’)

Majorana polarization (MP):

𝑀𝑃 ≈ 1 → Good Majorana

𝑀𝑃 < 1 → Bad Majorana

𝛾𝐿 𝛾𝑅

High MP

Low MP

𝑈𝐿 𝑈𝑅



Fine-tuned Majoranas
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𝐵
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A. Tsintzis, RSS, M. Leijnse, Phys. Rev. B 106, L201404 (22’)

𝜇𝐿 𝜇𝑅
𝜀𝐶

QMEQ: Transport calculations

Majorana Trivial



Fine-tuned Majoranas

S
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A. Tsintzis, RSS, M. Leijnse, Phys. Rev. B 106, L201404 (22’)

𝑡𝑡

𝑡 > ∆ 𝑡 = ∆ 𝑡 < ∆

𝐺𝐿𝑅 =
𝑑𝐼𝐿
𝑑𝑉𝑅

𝜇𝐿 𝜇𝑅



Fine-tuned Majoranas: experiment

S

𝐵
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A. Tsintzis, RSS, M. Leijnse, Phys. Rev. B 106, L201404 (22’)

𝑡𝑡

𝑡 > ∆ 𝑡 = ∆ 𝑡 < ∆

𝐺𝐿𝑅 =
𝑑𝐼𝐿
𝑑𝑉𝑅

T. Dvir et al., Nature(22’)



Longer Kitaev chains

R. Dourado et al, in preparison A. Bordin et al. arXiv 2024

Gain protection vs parameters fluctuations

Theory Experiment

∆ ∆𝑒𝑖𝜑

Local conductance Non-local conductance



Outlook

• Fine-tuned topology

• Characterization

• Quantum coherent experiments

• Conclusions



Fine-tuned Majoranas

M. Leijnse and K. Flensberg, PRB 86, 134528 (12’),    J. Sau and Das Sarma, Nat. Commun. 3, 964 (12’) ,    C-X Liu et al., PRL 129, 267701 (2023)

Simplest model

∆

t

𝐻 = ෍

𝑛=1,2

𝜇𝑛𝑑𝑛
†𝑑𝑛 + 𝑡𝑑1

†𝑑2 + ∆ 𝑑1
†𝑑2

† + 𝐻. 𝑐.

Sweet spot: 𝑡 = ∆, 𝜇1,2 = 0

𝜇1 ≠ 0

𝜇2 ≠ 0

𝑡 ≠ ∆

𝜇1,2 ≠ 0
𝛿𝐸 ≠0



Majorana assessment

S

𝛿
𝐸

sweet spot

𝜀

𝜀1 ≠ 0 S

RSS, et al., Phys. Rev. Research 5, 043182 (2023)



Majorana assessment
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sweet spot

𝜀1 ≠ 0 S

𝜀

𝜀2 ≠ 0 S

RSS, et al., Phys. Rev. Research 5, 043182 (2023)



Majorana assessment

S

𝛿
𝐸

sweet spot

𝜀1 ≠ 0 S

𝜀

𝜀2 ≠ 0 S

𝑡 ≠ ∆ S

RSS, et al., Phys. Rev. Research 5, 043182 (2023)



Majorana assessment

RSS, et al., Phys. Rev. Research 5, 043182 (2023)

S

Splitting decreases with increasing MP



Outlook

• Fine-tuned topology

• Characterization

• Quantum coherent experiments

• Conclusions



Initialization

E=0

E=0

odd

even

The Majorana qubit

?? ȁ ۧ𝑒𝑒 , ȁ ۧ𝑜𝑜

𝜆

A. Tsintzis, RSS, et al. PRX Quantum 2024



Initialization

A. Tsintzis, RSS, et al. PRX Quantum 2024

E=0

E=0

odd

even

The Majorana qubit

?? ȁ ۧ𝑒𝑒 , ȁ ۧ𝑜𝑜

𝜆



Initialization

M. Pino et al. PRB 2024 (more in his poster!)

𝐸𝐽

𝐸𝑀

Modified transmon spectrum

Sweet spot

Measuring MP using microwave



Braiding

Charge-transfer braid Measurement-base braid Star braid



Braiding

𝛿



The protocol: initialization

ȁ ۧ0 𝐿 ⊗ ȁ ۧ0 𝑅



The protocol: exchange

ȁ ۧ0 𝐿 ⊗ ȁ ۧ0 𝑅

1/𝑟



The protocol: exchange

ȁ ۧ0 𝐿 ⊗ ȁ ۧ0 𝑅

1/𝑟



The protocol: exchange

ȁ ۧ0 𝐿 ⊗ ȁ ۧ0 𝑅

1/𝑟



The protocol: Readout

ȁ ۧ0 𝐿 ⊗ ȁ ۧ0 𝑅

1

2
(ȁ ۧ0

𝐿
⊗ ȁ ۧ0 𝑅 + ȁ ۧ1 𝐿 ⊗ ȁ ۧ1 𝑅)

1/𝑟



Results

𝜏

𝛿



Summary

• Fine-tuned Majoranas  PRB 106, L201404 (22’)

• Kitaev qubits PRB 109, 075101 (24’)

• Braiding PRX Quantum 5, 010323

Thank You!!!

Open PhD & postdoc positions

ruben.seoane@csic.es



Charge-transfer braid
Protocol description: PRB 105, 045425 (2022) 

Reference (A) Braid (B) Visibility (A*B)

PBPA PA *PB
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