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SN contact: Andreev retflection (BTK)
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The metal-like hole remains in the conduction The semiconductor-like hole now has the
band of the normal metal, same mass sign as the electron

and therefore necessarily carries the opposite
sign of the mass as compared to the electron.
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For a straight N/SC interface, the momentum conservation along the boundary must be

conserved.
Thus the incidence angle of an incoming electron, 6, and the reflected angle of a hole, 6 _,

have a simple relation p_sin emc = p, sin Gref , Where p_and p_are the total momentum of the

electron and hole, respectively.
In the limit &_>> A, which holds for a typical NS junction, the reflected hole is metal-like
and remains in the conduction band of the normal metal, and therefore necessarily carries the

opposite sign of the mass as compared to the electron.
To conserve the momentum, the hole reflects back along a path of the incident electron,

exhibiting nearly perfect retro-AR, with 6 = -6

InC



ChnekyJjsipHoe (3epKajbHOe)

AHIpPEEBCKOE OTPAKEHHUE

C. W. J. Beenakker, Physical Review Letters 97 (2006).
C. W. J. Beenakker, Reviews of Modern Physics 80, 1337 (2008).

ZGS superconductor

DOS

D. K. Efetov, L. Wang, C. Handschin, K. B. Efetov,
J. Shuang, R. Cava, T. Taniguchi, K. Watanabe, J.
Hone, C. R. Dean, P. Kim, Nature Physics (2015)




Peajn3anus

Phys. Rev. B 93, 041303(R) (2016)

3epkajibHOEe AHIpPEeeBCKOE OTPAKEHUE

HA rPaHUIE MEKIY CBEPXIIPOBOAHUKOM M
JIBYMEPHBIM MOJIYMETAJLJIOM



IHoaymerasin

limit € <A-???

N

T s"s Ve
Aé‘?‘é’ Q ‘D A"*.l ﬁ.@ E&. A‘ﬁ %@: W&
LY ; CAAAAN Sanambre
.‘-:‘_;. [ cocmontus

[x. 3anmaH, NpuHUMnbl Teopun TBEPAOro Tena, y4ebHmnK



Narrow HgTe quantum wells

Quantum spin Hall effect
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Single S side contact to a 2D semimetal

Phys. Rev. B 93, 041303(R) (2016)
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Well developed Andreev curve:
(1) Every curve demonstrates a
clearly defined superconducting
gap (£ 1.15 mV, which is in

| good correspondence with the

expected 9K);

(11) the subgap resistance is
undoubtedly finite, which 1s only
possible due to Andreev
reflection

1(T=0.5=>27=1 (T=1/(1+2Z%))

(BTK)

The specifics of this experiment:
(1) Strong, twice below R, zero-bias differential resistance drop.

(11) The shallow subgap resistance oscillations with 1/n periodicity



dV/dI(V) curves:

slane magnetic field dependence
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dV/dI(V) curves for another semimetal

(InAs/GaSb double quantum well)
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Semimetal-specific etfects?

The results are independent of the superconducting material.

Similar results are obtained for different 2D semimetals.

Should they be regarded as specific to a 2D semimetal in proximity
with a superconductor?



Effect of disorder?

We cannot connect these effects with trivial disorder:

it can only provide a small, weak antilocalization-like correction at zero bias, known as disorder-enhanced
Andreev reflection (I. K. Marmorkos, C. W. J. Beenakker, and R. A. Jalabert, Phys. Rev. B 48, 2811 (1993);
D. I. Pikulin, J. P. Dahlhaus, M. Wimmer, H. Schomerus, and C. W. J. Beenakker, New J. Phys. 14, 125011
(2012).).

In contrast, zero-bias resistance drops twice below the normal value in our experiment.

Moreover, trivial backscattering cannot provide subsequent energy increase in multiple reflections, which is
responsible for the 1/n periodicity:

MAR (Multiple Andreev reflection) in SNS structures
En = ZANbN m,n=1,2,3..)



dV/dI(V) zero-bias anomaly — different

regimes of Andreev reflection
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Zero-bias region — RAR.
Its width is defined by the band overlap => it is independent of the particular superconductor

material.

Outside it — SAR.
The oscillations are present in SAR regime.
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Topological semimetals
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FIG. 1: (Color online) Schematic band structure and Fermi surface (with Fermi level shift
slightly off the nodal points) for normal metal and three kinds of topological semimetals,

Dirac semimetal (DSM), Weyl semimetal (WSM) and Node-Line Semimetal (NLSM). The

close path (black thin circle) interlocked with the nodal ring (thick circle) is also shown.

Topological Semimetals Predicted from First-principles Calculations Hongming
Weng, XiDai, and Zhong Fang  arXiv:1603.04744



Topological semimetals

without SOC with SOC
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FIG. 2: (Color online) Schematic plot of band inversion mechanism. (left) The case
without SOC, band inversion between two spin degenerate (dashed line for up spin, solid
one for down spin) bands. + and - indicates the parity of the states at time-reversal
invariant moment. (right) After including SOC, the band crossings are lifted and band gap

1S open.

Topological Semimetals Predicted from First-principles Calculations Hongming
Weng, XiDai, and Zhong Fang  arXiv:1603.04744
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