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New directions in the pursuit of Majorana fermions in solid state systems

Jason Alicea!

'Department of Physics and Astronomy, University of California, Irvine, California 92697
(Dated: February 8, 2012) Rep. Prog_ Phys. (20 | 2)
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Recent experiments with Kondo

nanowires and superconductors
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INSb nanowires with NbTiN contact

Nilsson et al. Nano Lett.
(2009)

Wires deposited on
bottom-gate substrates:




INSb nanowires with NbTiN contact

Device #1: two-sided (N-wire-S-wire-N)
|50 nm wide uncovered regions

300 nm wide superconducting contacts

Device #2: one-sided (N-wire-S)
100 nm wide uncovered region

400 nm wide superconducting contact
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Field-angle dependence
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DC Bias (uV)

Field-angle dependence B| = 500 mT
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QPC, vary field angle
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DC Bias (V)

Splitting of Zero-bias Peaks
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PHYSICAL REVIEW B 86, 220506(R) (2012)

Splitting of the zero-bias conductance peak as smoking gun evidence for the existence of the

Majorana mode in a superconductor-semiconductor nanowire |
see also

Prada et al. PRB (2012)
Lin et al. PRB (2012)
Rainis et al. PRB (2013)

S. Das Sarma,' Jay D. Sau,” and Tudor D. Stanescu’
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Non-Majorana oscillations

Zero-bias peaks in spin-orbit coupled superconducting wires with and without Realistic transport modeling for a superconducting nanowire with Majorana fermions

Majorana end-states
Diego Rainis, Luka Trifunovic, Jelena Klinovaja, and Daniel Loss
Jie Liul.* Andrew C. Potter2.* K.T. Law'. and Patrick A. Lee2 Department of Physics, University of Basel, Klingelbergstrasse 82, CH-4056 Basel, Switzerland
> . s <L » .
! Department of Physics, Hong Kong University of Science and Technology, Clear Water Bay, Hong Kong, China and (Dated: July 26, 2012)
2 Massachusetts Institute of Technology 77 Massachusetts Ave. Cambridge, MA 02139
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Oscillatory zero-bias features

2
g (e7/h) 1 2
0.2
—~~
>
E |
3
>
-0.2 split peak
By (T) 3 4 5 hot Sp|lt
L T T 7 LA I
17 1.20 |
1.6 115} 1.05
£ 15 E 1w E 100}
L 14b ) @
1k = 1O ®  ob5t
1.00 -
1.2 000 L
11, | 095~ 1 | 1 | ' 1 | 1 | 1
-400 -400 40 -400 0 400
DC Bias (pv) DC Bias (uV)
16T T
115 1.10
15
110 1.05
£ 14 < <
Ng e 10 ‘e 1.00
o 13 =} o
1oL 1.00 0.95
11k | 0.95 0.90

-400

DC Bias (uV)

DC Bias (uV)

DC Bias (uV)




Oscillations
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Realistic transport modeling for a superconducting nanowire with Majorana fermions

Diego Rainis, Luka Trifunovic, Jelena Klinovaja, and Daniel Loss
Department of Physics, University of Basel, Klingelbergstrasse 82, CH-4056 Basel, Switzerland
(Dated: July 26, 2012)
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Oscillations are linear in B

g (e2/h) 1




Oscillations are linear in B
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Oscillations have constant period
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Second device, oscillations also linear in B
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PHYSICAL REVIEW B 86, 220506(R) (2012)

Splitting of the zero-bias conductance peak as smoking gun evidence for the existence of the
Majorana mode in a superconductor-semiconductor nanowire

S. Das Sarma,’ Jay D. Sau,” and Tudor D. Stanescu’
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QPC Gate (V)

Oscillations vs.
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Magnetoconductance crossover

Wimmer et al. New |. Phys. (201 )
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Magnetoconductance crossover
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QPC field dependence at 4 K
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Low-Temperature Fate of the (.7 Structure in a Point Contact:
A Kondo-like Correlated State in an Open System

S.M. Cronenwett,> H.J. Lynch,! D. Goldhaber-Gordon,!> L. P. Kouwenhoven,!* C. M. Marcus,! K. Hirose,*
N.S. Wingreen,”> and V. Umansky®
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don’t expect g = 50
for clustered, repelling levels

Disorder + Kondo/0.7 picture Rainis et al. arXiv:1207.5907
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switch from N-QPC-S to N-dot-S
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Andreev bound states, Zeeman splitting
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Andreev bound states, Zeeman splitting
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Andreev bound states, Zeeman splitting
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Andreev bound states, vary N and S coupling
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Andreev Bound States, vary N and S coupling
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Andreev Bound States, vary N and S coupling
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Conclusion arXiv:1303.2407

QPC ZBPs consistent with some but not all Majorana
predictions

Soft gap, wide peak, and disorder obscure discrimination
between Majorana and Kondo/0.7

N-dot-S allows spectroscopy of superconducting-wire DOS

Zeeman-split Andreev bound states, anomalous ZBPs



Chan5 (mV)-d

QPC field dependence at 4 K

Zero-bias peak gone by 1 K,

temp. dependence doesn’t discriminate
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N-dot-S: lineshapeat1 T
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ABS: S gates gate uncovered part with 1000x smaller coupling
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