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Little-Parks Effect:

B

Weak Little-Parks effect

Destructive Little Parks effect

Superconducting cylinder

Destructive little-Parks effect is only possible if
superconducting coherent length>  d

The thickness d affects the Little-Parks effect enormously.

When cooper pair kinetic energy exceeds superconducting 
condensation energy→ fully suppression of superconductivity
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Oscillation of Superconducting critical temperature
As a function of magnetic field with period of  𝜙0

All this Leads to the same Oscillations
in Conductance →

InAs
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Ginzburg Landau mean field theory



Many attempts in realizing MZMs 

Non-Majorana states yield nearly quantized conductance in
superconductor-semiconductor nanowire devices

P. Yu, J. Chen, M. Gomanko, G. Badawy, E.P.A.M. Bakkers, K. 
Zuo, V. Mourik, S.M. Frolov

Important paper on 2020
Casting doubt on all previous
claims on MZM discoveries



Theoretical proposals and predictions 
for using full shell nanowires:

Majorana zero modes appear in the odd lobes

PHYSICAL REVIEW RESEARCH 2, 023171 (2020)

Benefits:
1. Very low magnetic field ~100 mT for the topological transitions:

field induced winding of Δ rather than Zeeman effect
→ no need for high g-factor materials

2. Protects the semiconductor from impurities and random surface doping 
→ Resulting in essentially  identical electrostatic environments.

Problems: 
1. No direct gating of the electron density inside the semiconductor

Majorana?

DOI: 10.1126/science.aav3392



The Biggest obstacle in Majorana detection:
Andreev bound states mimic Majorana signatures
Therefore many studies have been devoted to ABS in similar systems, 
i.e. esp. N-QD-S systems: 

B field

B field

Doublet GS

Singlet GS



Device:

• Hexagonal InAs NWs
• diameter ~ 120 nm
• VLS technique with 30 nm Al shell epitaxially grown in situ,
• The NWs were deposited on a heavily doped silicon substrate covered

with 285 nm of silicon oxide
• The gates and contacts 5 nm/180 nm Ti/Au bilayer
• measured via a lock-in technique in a dilution refrigerator with a base temperature of 20 mK.



Short Junction devices (X<100 nm):

Experiments on over 40 devices:
no QD is formed in the bare InAs NW for X <100 nm

𝑉𝑏𝑔= −17 V No Majorana signature in the 1L

Short-junction results seemingly contradict recent experimental report on MZMs in similar NWs ( 
S. Vaitiekėnas et al., Science 367, eaav3392 (2020) ). 

Important conclusion: Short Junction devices are the best for realizing the MZMs.



Long Junction devices (X>150 nm):

Dev. B with X ≈ 240 nm

a QD forms in the tunnel junction

QD Charging energy U ≈ 2.5 meV|S> |S>

|D>

B=0

Andreev bound states are in YSR regime:
Charging energy (2.5 meV) >> Δ (0.2meV) 

In the small Δ/U limit, the unpaired spin in the QD couples to 
the quasiparticles in the SC, with an exchange interaction
J∼2ΓS/U. This exchange interaction creates so-called Yu-Shiba-
Rusinov (YSR) singlets.



Zoomed-in of the Doublet GS region

Doublet GS between -2.70 and -2.55 V

The spin polarized doublet 
states change their energy 
with B by the Zeeman 
energy whereas the 
excited singlet energy 
remains unaffected

Supplementary material: 
A g-factor of ~10 was extracted 
by following the Kondo split peak



Magnetic field evolution of ABSs with a singlet GS:



Is it possible to have the Zero bias peak in the 1st lobe?



Devices with ZBPs without an apparent subgap structure in 
the zeroth lobe



Constant Δ Δ(Φ)

Simulation Notes:



Conclusion:
• No MZMs were observed in neither of about 40 devices in none of the junction limits
• Short junction devices are the best for realizing the MZMs

Thanks for your attention



More about the Wires:


