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EFFECT OF THE INCIDENT PHOTON ENERGY
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FIG. 1. The same sample is analyzed with incident photon energies hv from 15 eV to 30 eV. The
cone structure, emphasized with the black lines, stays unchanged whereas the bulk component of

the spectra evolves with hv. This proves that the cone structure is a surface structure.

Varying the incident photon energy hv, shifts the binding energy of bulk bands according
to the k, dispersion. Since there is no k, dispersion for surface states, no binding-energy
shift is present. This is a powerful mechanism allowing to distinguish 2D states by changing
photon energies.[1, 2] We can deduce from the evolution on the ARPES spectra with a
varying incident energy what structure can be attributed to surface of the sample and what
comes from the bulk. The former shows no evolution with the photon energy as the latter
does. The spectra presented on the figure 1 were obtained for photon energy varying from
15 eV to 30 eV. The black straight lines has the same dispersion relation as used in the
present paper. On each of spectra, the cone structure remains identical, whereas the other
structures seen on these spectra evolves with the photon energy. This is a strong indication

that this cone structure comes from surface states.



ARPES SPECTRUM FROM THE I' TO X POINT
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FIG. 2. Left: T to X1 ARPES spectrum. The Dirac spectrum observed close to the I'-point
extends all the way to the X point with the same linear slope. Right: symmetry points of the

Surface Brillouin zone.

In addition to the high-resolution spectrum, we present the I' to X1 spectrum obtained
with the same undoped sample. The Dirac spectrum observed in the vicinity of the I' point
and confirmed theoretically is also observed here. This surface states spectrum remains
surprisingly linear up to the X point of the Brillouin zone. The ARPES spectrum observed
on a sample capped by a thin CdTe layer is quite similar: this confirms the robustness of

this observation.

NUMERICAL SOLUTION OF THE KANE MODEL AT AN INTERFACE

8 bands Kane model

The low energy states of both Hg'Te and CdTe are accurately described by a Kane model

involving 8 bands around the I' point. The basis of states we consider is :

uy(r) = U, +1/2); us(r) = [I's, —1/2) (1)
uz(r) = L', +3/2); ua(r) = [U's, +1/2);us5(r) = 'y, —1/2);us(r) = [I's, =3/2)  (2)
uz(r) = U7, +1/2); ug(r) = |I'7, —1/2). (3)

3



We follow Novik et al. [3] and write the reduced Kane hamiltonian as
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where
h2
T=E.(2)+ DT ((2F + 1)kj + k(2F + 1)k.) (5a)
0
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U= Ev(z) Y (VIkH + kzr)/lkz) (5b)
mo
h2
V= _Q_mO (’72k|| ka%kz) (5¢)
R= s (uky —7k) (5d)
2m0 + B
hQ
St = —2—\/§/€i ({3, k=) + [5, K2]) (5e)
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By 72
Sy = —2—mo\/§ki ({”Ysalf b= [“ k ]> (5f)
hQ
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The parameters for the different materials considered are listed in the following table.

E. E, |Ep=2m¢P?*/R*| F | v |72 || &
HgTe [-0.303 eV| 0eV 18.8 eV 41105 (1.3|-04
CdTe | 1.03 eV |-0.57 eV 18.8 eV -0.09(1.47]-0.28]0.03|-1.31
Vacuum| ~+5 eV | ~-10eV 0 OO0} 00| 0

Similarly, the bulk strain induced by the mismatch of lattice spacing with CdTe is incor-
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porated through a Bir-Pikus Hamiltonian

Tgp O 0 0 0 0 0 0
0 Tgp 0 0 0 0 0 0
0 0 Upp+Vsp —Spp Rpp 0 \/gSEP —V2Rpp
i 0 0 —Stp Upp—Vap 0 Rpp V2Vsp —\/gsép
BP =
0 0 R, 0 Upp— Ver  (S5,)1 —\/gsgp —/WVp
0 0 0 Rp Stp Usp+Ver  V2Rpp \/gSEP
-0 0 \/E(Sgp)f V2Vpp —\/E(SEP)T V2Rgp Upp — App 0
0 0 —VeRh, /35 —vav /15, 0 U-A
(6)
with
2
Tpp = 5——(2F + 1) (€22 + €4y + €22) (7a)
Mo
h2
Ugp = —Z—m()% (€za + €yy + €22) (7b)
2
VBP = _2_%72 (Exx + €yy — 262’2’) (7C)
h? .
Rpp = _Q_mo 3 (72(€yy - €m) + 2@’}/3€my> (7d)
+ n?
Spp = _2_%\/5'732(%2 + €y2), (7e)

where the €;; are the component of the induced strain tensor.

Discrete model at the interface

We consider an interface between e.g. HgTe and CdTe (or vacuum) in the z direction.
As the sample directions in the x and y directions are expected to be much larger than
in the z direction, we need to discretize the Hamiltonian (4) only in the z direction. We
consider an system infinite or large enough in (z,y) directions so that k, and k, remain
good quantum numbers. In the z direction orthogonal to the interface, the hamiltonian is

discretized through the following standard procedure :

Fof(2) = = (fust = ). 0

Special care is devoted to the off-diagonal linear in k, terms, to ensure the hermiticity of the

discrete hamiltonian. We introduce an ad-hoc lattice constant a which can be freely adjusted
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. the motivation to do so is to enforce an independence of our result on the discretization
scheme in a given range of energy and momentum. In particular, the discretization introduce
higher k£ terms in the hamiltonian, which are a dependent, and should be kept irrelevant
in the range of parameters considered. Moreover, while the Kane model is valid only at
small k, the interface is expected to occur on a few nanometers : a varying discretization
parameter a allows to study the dependance of our results on the sharpness of the interface.

We choose periodic boundary conditions in the z direction for the surrounding materials
(CdTe or vacuum), and introduce two smooth interfaces at z = 0 and z = L with HgTe
present for 0 < z < L. The interfaces are described by a smooth function ¢(z/£) which
extrapolate the Kane parameters between the values of both materials. The extrapolating
function ¢(z/£) is parametrized by a length £ which accounts for the smoothness of the inter-
face. We have checked an independence of our results on this sharpness. The corresponding

z dependent Schrodinger equation is then solved numerically.
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