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The bands with PBC can be
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Introduction: WSMs and DSMs
Weyl (WSM) and Dirac Semimetals (DSM)
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Figure: Fermi surface map of the Na3B1 sample and
energy ARPES spectra as a function of binding energy.
S.-Y. Xu et al., Science 347, 294 (2015)
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Models

Model Hamiltonian
Between the Weyl points there

- W=l vt 7o mocies (k) are surface states in the gap:
H = eo(k) 1, +M(k)o,+v(Chkeor—kyoy) ,

¢ = +£1 is the chirality of the Weyl node
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Figure: Bulk (solid colors) and surface (opaque \

colors) bands in the minimal model.

Z. Wang et al., PRB 85, 195320 (2012)

J. Gonzidlez, R. A. Molina, PRB96, 045437 (2017)
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Electric field: Minimal model

® Flectric field perpendicular
to the surface: Hy = efyl,

® Periodic boundary
conditions in x and z

[I* Blectric field f
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Figure: Set-up

Y. Baba, A. Diaz-Fernandez, E. Diaz,
F. Dominguez-Adame, and R. A. Mo-
lina, PRB 100, 165105 (2019).
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Figure: Dispersion relation of a slab of type A DSM in
the plane ky = 0 (upper) and k; = 0 (bottom).
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Effects of the electric field on the surface states

¢ Displacement of the cones in momenta and energy — decay-type changed;

¢ Renormalization of the velocity: depends on the chirality;

© Non negligible effects for experimentally feasible electric fields.

Coupling between surfaces change! ‘ ’ Chiral-dependent velocity renormalization!
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Figure: Effect of f ~ 10' mVA ™" on Na3Bi slabs.

S. Nishihaya et al., Nature Communications
12, 2572 (2021) J. L. Collins et al., Nature 564, 390 (2018).

8th October 2021 5/9



Rashba Spin Orbit Coupling

Chiral surface states

e RSOC interaction in a slab of DSM: local

interaction with a substrate
=
- 0 0 —iRek_ O
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Hr = iRky 0 0 0 |
General surface states

where k+ = k, + ik,.
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BHZ model: L. Ortiz, R. A. Molina, G. Platero, and A. M. Lunde, PRB 93, 205431 (2016)
Naj3;Bi ultra-thin: C.M. Acosta and A. Fazzio, PRL 122, 036401 (2019)
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Analytical results

¢ Effective Hamiltonian:

EkT —iR()gkk_
Hg=| ., © ,
off < iRogik+ Ey,

where gk is an overlap integral.

¢ Miminal model: anisotropic 2D
Dirac

RSOC ) R% % R(Q) 2 . "" “ [ —— ‘
EY = 3t v: + 1 ki + 1 —kZ, RoleVAl 1.0 s

Figure: Absolute value of the upper (blue) and
lower (orange) component of 4 for Na3Bi as

a function of Ry and k; at fixed ky = 0.01A™".

¢ Na3zBi model: spin-mixing
ERSO€ = ¢(k,) £ | Calks

SeRo? (K2 +K2)
Cs2k,2 ’ Y.Baba, F.Dominguez-Adame, G.Platero and R.A.
Molina, New J. Phys. 23 023008 (2021)
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Transport results: spin-switcher 20 -
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¢ Spin-polarized leads

¢ Spin-switch conductance induced
by RSOC 0%

o Effect resilient to disorder
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Figure: Average conductance in the presence of

point-like impurities (Rjmp = 4 X 10" em—3);

error bars from the standard deviation.
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Conclusions

® Topological states can be tuned by external fields.

® An electric field changes Fermi velocity and moves the position of the
Fermi arcs in momentum space — the velocity is chiral-dependent.

® A RSOC enable chiral-spin flip — spin-switcher devices.
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Conclusions
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