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Why are Helical States interesting?
 Various applications
• Spin filtering
• Cooper pair splitter
• Ingredient for topologically protected quantum computing
 Helical states emerge in
• Edge modes of 2D quantum spin hall topological insulators
• Quantum wires created in GaAs cleaved edge overgrowth samples
 Helical states are predicted in
• Carbon nanotubes
• Graphene nanoribbons
• RKKY systems
• InAs and InSb nanowires
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Helical Gap in a 1D Nanowire Device
 InSb nanowire (zincblende [111]) on 20 nm SiN
dielectric
 Contacts define length of QPC LQPC ~ 245 nm
and the onset potential 𝜆 ~ 80 nm (influence
described in Ref [1])
 Electric field generated by backgate and substrate
induces Rashba type spin orbit interaction
 Shift in 𝑘: 𝑘𝑆𝑂 = 𝑚∗ 𝛼/ℏ2
2
 Energy: 𝐸𝑆𝑂 = ℏ2 𝑘𝑆𝑂
/2𝑚∗
 Magnetic field B opens gap
at 𝑘 = 0
 Helical gap: 𝐸𝑍 = 𝑔𝜇𝐵 𝐵
 If B-field not perpendicular
to BSO -> shift in energy
[1] D. Rainis and D. Loss, PRB 90.23 (2014): 235415
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Magnetic Field Dependece of the Helical Gap
 B-Field not perpendicular, but at an angle 𝜃 = 17°
 Reasons are unknown
 Results in a different sequence of conductance at certain
B-Field strengths
Reentrant
 0.5 → 1 → 0.5 → 1 𝐺0 (2𝑒 2 ℎ)
conductance
feature
 B-Field dependence
(RCF)
• 𝐵 < 3 T: Steps in 0.5 𝐺0
• 3 T < 𝐵 < 5.5 T: Drop in the 1 𝐺0 Plateau
• 5.5 T < 𝐵: fully envelopped 1 𝐺0 Plateau
 Using the g-factor (𝑔 = 38):
𝐸𝑆𝑂 = 5.5 meV
 In WAL measurements:
𝐸𝑆𝑂 = 0.25 − 1 meV
 Quantum dot:
𝐸𝑆𝑂 = 40 μeV
 Claim: WAL and quantum dot measurements do not
probe the SOI with only one mode transmitting
 Elephant in the room: more than one mode in the
experiment
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Voltage Bias Spectroscopy
 Helical state evolves as a constant energy
feature
 Measuring the width of both the first 0.5 𝐺0
plateau and the reentrant conductance feature
 Incrases linearly with B-Field
 By comparing 𝐸𝑍𝑒𝑒𝑚𝑎𝑛 and 𝐸ℎ𝑒𝑙𝑖𝑐𝑎𝑙 the offset
angle of the magnetic field can be determined:
𝐸𝑍𝑒𝑒𝑚𝑎𝑛
≈ tan 𝜃
𝐸
ℎ𝑒𝑙𝑖𝑐𝑎𝑙

 Some problems:
• 1 𝐺0 is not clearly visible
• RCF seems linear in 𝑉𝑔 and is not clearly
visible for most B-Field strengths
• G becomes larger than 1 𝐺0 after RCF
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Angle Dependence of the Helical Gap
 Rotation of the B-Field to confirm that the RCF agrees with
spin theory
 y-z plane: no change in gap width
 x-y plane: change in the 0.5 𝐺0 plateau as well as the RCF
 Claim: small difference in the angle evolution is caused by
imperfect alignment of the substrate with the x-y plane
 Elefants in the room:
 Rotation shown only from 0 to 35° (helical gap is largest
for 90°)
 rapid jump in conductance to 4𝑒 2 ℎ
 At least two modes -> clouds conclusions
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Summary
 First signs of a helical gap opened in an InSb nanowire
 B-Field dependence seems consistent with theory
 Some problems:
• Conductance features are not always clearly visible
• Angle dependence is only shown up to 35°
• Theoretical model only considers one mode, but
experiment shows at least two modes
 Still a lot of work needed, but on the right track
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