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The search for new materials with Dirac points has been a fascinating subject of condensed matter physics. Here we first report
the growth and band structure of HfGe, ¢, Te single crystals featuring three different types of Dirac points. HfGe, o, Te crystallizes
in a nonsymmorphic tetragonal space group P4/nmm (No. 129), having a square Ge-atom plane with vacancies of about 8%.
Using angle-resolved photoemission spectroscopy (ARPES), the Dirac nodal line composed of conventional Dirac points
vulnerable to spin-orbit coupling (SOC) is observed, accompanied by robust Dirac points protected by the nonsymmorphic
symmetry against SOC and vacancies. In particular, spin-orbit Dirac points (SDPs) originating from the surface formed under
significant SOC could exist based on ARPES and calculations. Quasi-two-dimensional (quasi-2D) characteristics are confirmed
by angular-resolved magnetoresistance. HfGe, o, Te bulk crystals can be easily exfoliated to flakes with a thickness of ap-
proximately 5 nm for the quasi-2D nature. Thus, HfGe,,Te provides a good platform to explore exotic topological phases or
topological properties with three different types of Dirac points, which is a potential candidate to achieve novel 2D SDPs.
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1 Introduction

Exotic topological phases have aroused considerable atten-
tion, particularly for the potential application of dis-
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sipationless and gapless edge states in spintronic devices
[1,2]. The discoveries of topological materials, such as two-
dimensional (2D) [3,4] or three-dimensional (3D) [5] topo-
logical insulators (TIs), Chern insulators [6-8], topological
crystalline insulators (TCIs) [9,10], and topological semi-
metals such as Dirac [11-14] or Weyl semimetals [15-21],
remarkably enhance the varieties and functionalities of ma-
terials. The special properties are primarily derived from the

phys.scichina.com link.springer.com


https://doi.org/10.1007/s11433-022-1992-x
https://doi.org/10.1007/s11433-022-1992-x
https://doi.org/10.1007/s11433-022-1992-x
http://phys.scichina.com
http://link.springer.com
http://crossmark.crossref.org/dialog/?doi=10.1007/s11433-022-1992-x&amp;domain=pdf&amp;date_stamp=2022-10-17

L. Chen, et al.

Dirac points with linear dispersions near the Fermi level (Ey)
[22]. Thus, the search for new materials with Dirac points
has been a central topic in condensed matter physics.

For Dirac point materials, Dirac points with massless Dirac
fermion play an essential role in exploring quantum re-
lativistic phenomena. However, Dirac points in most 2D
materials are vulnerable against spin-orbit coupling (SOC),
which would open a global bulk gap at the Dirac points and
introduce topologically protected gapless edge states [23-
25]. Considering the effect of SOC, 2D Dirac point materials
such as graphene will turn into quantum spin Hall insulators
[23] or quantum anomalous Hall insulators [26] with pre-
served or broken time-reversal symmetry. Thus, a new Dirac
point robust against SOC, namely, spin-orbit Dirac points
(SDPs), has been theoretically proposed to exist in materials
with certain nonsymmorphic symmetries [27]. However,
achieving 2D SDPs through experiments remains a challenge
because of the structural stability, interference of bulk bands,
and the location of the Dirac point away from Ey [28,29]. To
date, 2D Dirac points were only observed in a-bismuthene
experimentally by using micro-angle-resolved photoemis-
sion spectroscopy (u-ARPES) [30]. Therefore, discovering
suitable candidate materials with 2D SDPs is necessary to
explore their properties and new topological phases.

Featuring square nets with a nonsymmorphic symmetry,
WHM-type materials (W = Zr, Hf, La; H = Si, Ge, Sn, Sb; M
=0, S, Se, Te) have been found to be a large pool of topo-
logical materials with Dirac points and linear dispersions in a
large energy range near Er [31,32]. Most of the WHM-type
materials were proven to be novel Dirac nodal line semi-
metals [33-36], some of which have linear dispersions in a
large energy range near Ep without interference from bulk
bands [34,35]. Considering SOC, most of the WHM-type
materials can be classified into TCIs as a simple stacking of
2D TIs with gapped Dirac points [37]. Rich exotic properties,
including large magnetoresistance (MR) [38], electron-hole
tunneling [39], large second harmonic generation effect [40],
were observed. Long-sought axionic phases [41] were pre-
dicted to exist in WHM-type materials and related com-
pounds. For HfGeM (M = S, Se, and Te) monolayers, 2D
SDPs could emerge close to £y [42]. Compared with com-
mon Dirac points, which are vulnerable to SOC [43,44], 2D
SDPs can be formed under significant SOC of Hf and robust
against SOC, which is essential to intrinsically investigate its
unique properties, such as the nonlinear Hall effect [45]. By
adjusting the local gaps, spin-helical edge states were also
predicted in the HfGeTe monolayer [42]. Despite its exotic
states, the experimental study on HfGeTe is hindered by
single-crystal growth [46].

Here we reported the growth and band structure of
HfGe, ,Te single crystals with vacancies on the Ge square
net. A Dirac-cone-like band structure with linear dispersions
in a large energy range (AE ~ 0.6 eV) was observed along
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M-T'-M, with crossing points near Ep, which would be gap-
ped under SOC. At a high-symmetry point X, Dirac points at
E — Ex = —0.4 eV protected by nonsymmorphic symmetry
were observed, accompanied by anisotropic electron pockets
with the cone point at £ — Ex =—0.2 eV. For electron pockets,
a split was observed along X-M, which may indicate the
existence of intrinsic SDP robust against SOC based on our
calculation. In addition, the typical twofold anisotropic an-
gular-resolved magnetoresistance (AMR) confirms the qua-
si-two-dimensional (quasi-2D) characteristics of HfGe, ¢, Te
and HfGe, o, Te bulk crystals, which can be easily exfoliated
into thin flakes with a thickness approaching 5 nm, showing
a potential application in achieving a 2D monolayer.
HfGe, o, Te is a good platform to explore exotic topological
phases with three different kinds of Dirac points and com-
prehensively investigate 2D SDPs considering its location
(IE — Ef| < 0.2 eV) and quasi-2D nature.

2 Materials and method

(1) Single-crystal growth and characterization

Single crystals of HfGe,q,Te were grown by high-tem-
perature solution method using Ge flux. Hafnium powder
(Alfa Aesar, 99.5%), germanium powder (Alfa Aesar,
99.999%), and tellurium powder (Alfa Aesar, 99.9%) were
mixed using a molar ratio of 2:11:1 in a fritted alumina
crucible set (Canfield crucible set) [47] and sealed in a fused-
silica ampoule under vacuum. The sealed ampoule was he-
ated to 1423 K, kept for 5 h, and then slowly cooled down to
1273 K at a rate of 2 K/h. After centrifugation at 1273 K,
black, shiny, and air-stable plate-like crystals as large as
2 mm x 2 mm x 0.5 mm were obtained. Single-crystal X-ray
diffraction (SCXRD) was performed on a four-circle dif-
fractometer (Rigaku XtaLAB Synergy R-DW, HyPix) at
180 K with multilayer mirror graphite-monochromatized Mo
K, radiation (A = 0.71073 A) operated at 50 kV and 40 mA.
Powder X-ray diffraction data were collected using a PA-
Nalytical X’Pert PRO diffractometer (Cu K, radiation) op-
erated at 40 kV and 40 mA with a graphite monochromator
in a reflection mode (26 = 5°-100°, step size = 0.017°). In-
dexing and Rietveld refinement were performed using the
DICVOL91 and FULLPROF programs [48]. Elemental
analysis was conducted using a scanning electron micro-
scope (Hitachi S-4800) equipped with an electron microp-
robe analyzer for semi-quantitative elemental analysis in
energy-dispersive spectroscopy (EDS) mode. AMR was
performed on a physical property measurement system
(Quantum Design) at 5 K. Contacts for standard four-probe
configuration were established by attaching platinum wires
using silver paint, resulting in a contact resistance smaller
than 5 Q. Samples for all measurements were cleaved along
(00]) (I = integer) from HfGe,q,Te crystals using a razor
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blade.

(2) First-principles calculations

We used the crystal structure of HfGeTe to simulate the
electronic structure of HfGe, ¢, Te because Ge vacancies only
affect the chemical potential. The first-principles calcula-
tions were performed by using the Vienna ab initio simula-
tion package [49]. The generalized gradient approximation
(GGA) of the Perdew-Burke-Ernzerhof type was selected to
describe the exchange-correlation function [50], and the
modified Becke-Johnson potential was used to obtain accu-
rate bulk band results [51,52]. We constructed a monolayer
and seven-unit-cell slab model to simulate the surface bands
of the material and added 15 A vacuum layers to minimize
the interactions among the layers. Brillouin zone (BZ) in-
tegration was sampled by 9 x 9 x 5 k-mesh for 3D bulk and 9
x 9 x 1 for the monolayer and seven-unit-cell slab. The cut-
off energy was set to 450 eV. The atomic position of the top
and bottom unit cells for the seven-unit-cell slab model was
optimized. SOC was taken into account self-consistently.
The tight-binding model of HfGeTe was constructed using
Wannier90 with Hf 5d, Te 5p, and Ge 4p orbitals, which were
based on maximally localized Wannier functions [53]. Fermi
surface (FS) planes of HfGeTe were calculated by using the
WannierTools package [54]. Interlayer binding energies (£y)
of HfGe, o,Te and HfGeTe were calculated using the GGA,
vdW-DF, and optB88-vdW correlation functions.

(3) Electronic structure measurement

Synchrotron ARPES and X-ray photoelectron spectro-
scopy measurements with various photon energies on
HfGe, 4, Te were performed at beamline 4B9B of the Beijing
Synchrotron Radiation Facility. In addition, a helium dis-
charge lump (hv=21.2 e¢V) was used as a light source during
ARPES measurement. The ARPES system was equipped
with a Scienta R4000 electron analyzer and base pressure
9.33 x 10" Pa. The overall energy and angular resolution
were 17 meV and 0.3°, respectively. HfGejq,Te single
crystals were cleaved in situ along the (00/) (I = integer)
plane and measured at 7 K.

(4) Atomic force microscopy (AFM)

Thin flakes of HfGeq,Te crystals were exfoliated using
the scotch-tape method [55] and transferred onto a Si/SiO,
substrate. AFM of thin flakes was performed using an atomic
force microscope (Multimode 8.0, Bruker, USA) in a Sca-
nAsyst mode.

3 Results and discussion

Based on the results of SCXRD (Supporting Information
Tables S1 and S2), HfGeyg,Te crystallizes in a non-
symmorphic tetragonal space group P4/nmm (No. 129) with
lattice parameters a = b = 3.8467(3) A, ¢ =8.4551(16) A, and
o= =y=090° (Table S1), featuring a square Ge-atom plane
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sandwiched by two HfTe layers (Figure 1(a)). As a member
of the WHM family, it is similar to the well-known “111”-
type iron-based superconductor LiFeAs [56] and iso-
structural to the nodal line Dirac semimetal ZrSiS [38].
Based on the EDS results (Supporting Information Figure
S1), the molar ratio is close to Hf:Ge:Te = 1.02:0.87:1, in-
dicating possible vacancies on the Ge site. Refining site
occupancies based on SCXRD data (Table S1), about 8%
vacancies were observed in the Ge sublattice, and the for-
mula is finally determined to be HfGe,,Te because of the
higher resolution of SCXRD refinement than EDS. Con-
sidering the random distribution of Ge vacancies, HfGe, o, Te
should have the same symmetries as those of HfGeTe, in-
cluding one inversion symmetry, a fourfold axis, three mirror
symmetries, and nonsymmorphic n-glide mirror perpendi-
cular to the ¢ axis. Only (00/; / = integer) diffraction peaks
are observed in the X-ray pattern, indicating that the plate
surface is perpendicular to the ¢ axis (Figure 1(b)).

As shown in Figure 1(c), the in situ core-level spectra after
cleavage show characteristic peaks of Hf, Ge, and Te atoms,
indicating a clean (001) surface of HfGe, 4, Te (Figure S2).
Both peaks of Te (3d,,, and 3ds),) are split, indicating that
two chemical environments of Te ions may exist in the ter-
minated layer. This result may indicate the emergence of the
Te-Hf terminal after cleavage (Figure 1(a)), which is con-
sistent with the relatively weak coupling between two ad-
jacent HfTe layers similar to the S-Zr terminal in ZrSiS [40].
For the measured FS near Ep, a diamond-shaped FS formed
by the Dirac points along the T'-M direction can be observed
(Figure 1(d)), which is similar to the diamond-shaped dis-
persion observed in ZrSiS [34]. In addition, tiny anisotropic
electron pockets exist around X (Figure 1(e)), which is dis-
tinctly different from the calculations of bulk HfGeTe with
no pockets at X (Figure 1(f)). Notably, electron pockets at X
could exist in the monolayer of HfGeTe [42], and Figure 1(g)
shows the FS with electron pockets at X in the T'-M-X plane
of the HfGeTe monolayer based on our calculation. This
result may indicate that the observed anisotropic electron
pockets are obtained from the surface of HfGe o, Te, which
has been observed previously in HfSiS [57] and ZrSnTe [58].

Figure 2(a) shows the calculated band dispersion along the
high-symmetry lines for the HfGeTe bulk crystal. As pre-
viously reported in most WHM-type materials [31], HfGeTe
exhibits two kinds of Dirac points: Dirac points on I'-M (blue
circles), which form a diamond-shaped Dirac node line, and
fourfold degenerated Dirac points (purple circles) at high-
symmetry points of BZ such as X and R. Considering the
SOC effect, the Dirac node line is gapped, whereas the
fourfold degenerated Dirac points protected by the non-
symmorphic glide planes could survive. Compared with the
calculated band dispersion of the bulk crystal, the electron
bands at X for the monolayer and seven-unit-cell-thick slab
were lowered by ~1 eV, forming electron pockets centered at
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Figure 1 (Color online) Crystal structure and FS of HfGe, o, Te. (a) Crystal structure of HfGe, ¢, Te determined by SCXRD and the BZ of bulk (black) and
corresponding surface (red). The light-blue plane indicates the cleavage plane perpendicular to the ¢ axis. The black cuboid demonstrates the unit cell and the
monolayer used in the calculation. (b) X-ray pattern of HfGe,q,Te single-crystal showing (00/; / = integer) diffraction peaks. The inset is the optical
photograph of a single crystal. (c) Core-level spectra of Hf 4f, Ge 3d, and Te 3d after cleavage. The arrows indicate the split of corresponding peaks. (d) FS
intensity plot in the T-M-X plane of HfGe,Te recorded at 4v = 46 eV, obtained by integrating the spectral weight within £10 meV with regard to Ep. (e)
Zoomed FS intensity plot around X. Calculated FS for HfGeTe (f) bulk crystal and (g) monolayer.

X (Figure 2(b) and (c)). These pockets are primarily obtained
from Hf 5d orbitals, which would lead to an exotic SDP
(green circles) when considering the large Rashba SOC ef-
fect [42]. For the global gap induced by SOC, the bulk crystal
and monolayer of HfGeTe could be classified into a TCI with
(2, Z2,,Z,,2,) = (0, 0, 1, 2) [37] and a 2D TI with Z, =1
(Figure S3) [31].

The experimentally observed band structures can be well
described using the seven-unit-cell-thick slab of HfGeTe
(Figure 2(d)), which is rational considering that the signals of
escaped photoelectrons are primarily obtained from several
top unit cells close to the terminal in ARPES experiments.
Comparing the observed band structures of HfGe o, Te with
the calculated band dispersions of the seven-unit-cell-thick
slab of HfGeTe, we found that the only difference is the
location of Ey, where the chemical potential shifted by
0.2 eV because of the presence of Ge vacancies. Figure 2(e)
shows the band structure along M-T'-M, exhibiting a Dirac-
like band structure with crossing points (blue circle) slightly
higher than Er and linear dispersions in a large energy range
(AE ~ 0.6 eV). As previously described, this kind of Dirac
point would be gapped under SOC (Figure 2(a)). The linear
dispersions near Ey are hardly affected by vacancy, which

may be attributed to the preserved in-plane C, symmetry and
n-glide mirror of the Ge atomic square net. This phenomenon
is quite similar to what happened in the monolayer silicene
and germylene with hexagonal lattices, where planar and
low-buckled materials show similar linear dispersions near
the E but with slightly different band structures, particularly
chemical potential and energy gaps [59]. In the momentum
distribution curve (MDC, Figure 2(f)), the feature of multiple
bands can be observed and attributed to the parallel bands of
the seven-unit-cell-thick slab based on the calculation, which
is similar to what happened in ZrSnTe [58].

The band structure of HfGe, o, Te along T-X-T" and M-X-M
is summarized in Figure 3. A Dirac-cone-shaped band
structure with anisotropic electron pockets around X can be
clearly observed (Figure 3(c) and (g)), which is consistent
with the calculation of the seven-unit-cell-thick slab (Figure
3(d) and (h)). Along T-X-T, four sets of dispersions with
different intensities can be observed, resulting in different
types of Dirac points. The dispersion with the highest in-
tensity (a,) and the downward linear dispersion (a;) along
X-T form Dirac points (purple circles) at X around E — Ep =
—0.4 eV. Based on the calculation and symmetry analysis, the
Dirac points at X are protected by nonsymmorphic glide
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Figure 2 (Color online) Electronic structure of HfGe,, ¢, Te. (a)-(c) Calculated band dispersions along the high-symmetry lines with SOC for HfGeTe bulk
crystal, monolayer, and a seven-unit-cell-thick slab, respectively. Blue, purple, and green circles highlight three kinds of Dirac points. (d) Experimentally
observed band structures for HfGe, o, Te along the high-symmetry lines T-X-M-T" at 4v = 21 eV. (e¢) Band structures along M-T-M and (f) corresponding
MDC. The red dotted lines in (d) and (e) are extracted from the calculation in (c) by lowering Ey to approximately 0.2 eV. The black dotted lines in (f) show

multiple band features.

planes and robust against perturbations, particularly the Ge
vacancies in the case of HfGejg,Te. The small electron
pockets (o) crossing Er with the cone points (green circles)
at E — Ex = —0.2 eV can be clearly observed, which is dif-
ferent from the calculation of bulk crystals. The linear dis-
persion with the lowest intensity (a4) crosses Eg, which
would induce the formation of Dirac points above Ey (blue

circle in Figure 2(c)). This kind of Dirac points should form
Dirac lines combined with the Dirac points along M-X-M but
vulnerable to SOC. Lifting Er or pumping the electrons
above Er, this kind of Dirac point could be observed. Along
M-X-M, the Dirac-cone-shaped band structure should be
resolved to the electron pockets with higher intensity (5,) and
the Dirac points with lower intensity (f,) based on the cal-
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Figure 3 (Color online) Band structure of HfGe,,Te around X. (a) Photoemission intensity plot along T-X-T" with v = 21.2 eV. (b) Second derivative
intensity plot and (c) MDC plot of (a). (d) Calculated band structure along T-X-T for a seven-unit-cell-thick slab. The intensity of the red color indicates the
spectral weight projected to the top unit cells. (¢)-(h) The same as (a)-(d) but along M-X-M. Purple and green circles highlight two kinds of Dirac points. The
arrows indicate the crossings of the dispersion with Ep (black line), and the dotted lines outline the shape of the dispersion.

culation (Figure 3(h)). Given the potential matrix element
effect of ARPES measurement, the Dirac points located at £
— Ex=-0.4 eV are not as clear as that observed along I'-X-T'
(Figure S4).

As shown in the HfGeTe monolayer, a 2D SDP robust
against the vacancies and SOC can be formed for the split
caused by the Rashba SOC effect of Hf, and the location of
the 2D SDP can be tuned by uniaxial strain and biaxial strain
or vacancies [42]. For the electron pockets, a clear split was
observed in the second derivative intensity and MDC plot
(Figure 3(f) and (g)). The split can be regarded as the signal
of the existence of SDP in HfGe, ¢, Te, and its location (£ —
Er =—0.2 ¢eV) is closer to Er than that of HfSiS (E — Er =
—0.4 eV) [57], which has more potential to embed exotic
quantum transport properties or applications [42,45]. This
SDP is protected by the nonsymmorphic glide plane and
time-reversal symmetry of HfGe, g, Te, resulting in the de-
generacy of the robust against SOC [42]. The split has only
been observed in HfSiS [57], not in ZrSiS [34,35] or ZrSnTe
[58], which may be attributed to the large SOC effect of Hf
with larger atomic mass (Z = 72) than that of Zr (Z = 40).

ARPES intensity maps of the T'-M-X plane at E — Ep =
—0.3, —0.4, —0.5, and —0.6 eV were measured with Av =

46 ¢V (Figure 4(a)) to carefully observe the electronic
structure of HfGeyq,Te near Ep. Compared with FS of
HfGe, o, Te, the electron pockets vanish totally at £ — Ep =
—0.3 eV, indicating that the SDP is located quite close to EF.
Further increasing the binding energy from £ — Ez =—0.3 eV
to £ — Ex = —0.6 ¢V, a banana-like feature emerges and
gradually expands along T'-M, which finally evolves into two
diamonds at £ — Er = —0.6 eV. In addition, small anisotropic
hole pockets emerge and expand at X (Figure 4(b)), in-
dicating the location of Dirac points protected by non-
symmorphic symmetry. These results were repeatable in the
ARPES intensity maps of the '-M-X plane measured with /v
=21.2 eV (Figure S5).

The band structure along X-R has been measured by
varying the photon energy from 20 to 54 eV. As shown in
Figure 4(c), only the change in intensity is observed along
X-R for E — Ep > —1 eV, whereas a clear dispersion exists
along X-R for £ — Ep < —1 eV (Figure S6). This difference
indicates the different components of the electronic structure.
Given the weak interlayer coupling, the top layer of
HfGe,o,Te after cleavage may be reconstructed and may
form the SDP at E — Ex = —0.2 eV around X.

Compared with ZrSiS [31,36,60], the reduced interlayer
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Figure 4 (Color online) 3D band structure and quasi-2D feature of HfGe, o, Te. (a) ARPES intensity maps of the T-M-X plane at E — Eg
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and —0.6 eV with Av =46 eV. (b) Zoomed ARPES intensity maps of the I'-M-X plane around X. (c) Intensity plots of the ARPES data along T-X at £ — Ep =
0, —0.3, and —0.4 eV collected in a range of photon energy from 20 to 54 eV. The blue lines and yellow arrows indicate the cut positions and corresponding
dispersions in (b) and (c), respectively. (d) Schematic of AMR experimental configuration and polar plot at 9 T for HfGe, 4,Te. (¢) AFM image of thin flakes

by exfoliation and corresponding height profile.

coupling further results in some 2D/quasi-2D characteristics
of HfGe, o, Te based on AMR and preliminary exfoliation.
Applying current in the ab plane and the field being rotated
in a manner shown in Figure 4(d), the AMR of HfGe o, Te
exhibits a typical twofold anisotropy and classical Lorentz-
type MR with AMR o (Bcos®)?. This behavior can occur in
materials with a 2D/quasi-2D feature, such as ZrSiTe [36],
whereas a “butterfly-shaped” AMR would be observed in
materials with a 3D feature, such as ZrSiS [43,61] or ZrSiSe
[36]. Moreover, the 2D/quasi-2D characteristic usually cor-
responds to a small exfoliation energy or interlayer binding
energy [62,63]. In a previous study, the exfoliation energy of
the HfGeTe monolayer without vacancy is calculated to be
0.98 J/m’ [42], which is slightly higher (2-3 times) but at the

same magnitude as that of graphene (~0.37 J/mz) [64] or
MoS, (~0.41 J/mz) [65]. Based on the calculated interlayer
binding energy of HfGeTe with or without vacancies (Table
S3), the interlayer couplings of HfGeTe and HfGe, 9, Te are
close to each other, showing little effect of vacancies on the
interlayer coupling and potential of HfGe;q,Te to reach a
monolayer limit by mechanical exfoliation. In our pre-
liminary exfoliation, HfGe, o, Te bulk crystals can be easily
exfoliated into thin flakes by using the scotch-tape method.
Based on AFM (Figure 4(e)), the thinnest part of the flake is
approximately 5 nm (the red line L2), which corresponds to
the thickness of about six layers of HfGe,q,Te. Optimizing
the exfoliation [66], a freestanding HfGe,q,Te monolayer
can be obtained in the near future, which provides opportu-
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nities to explore the interesting thickness dependence of
electronic structures. The quasi-2D nature and SDP near Ey
make HfGe, 4, Te a good material for device fabrication and a
potential candidate to achieve novel 2D SDPs, which has
been theoretically predicted in the HfGeTe monolayer [42].

4 Conclusions

We successfully grow single crystals of HfGe,g,Te, which
belongs to the WHM family but with vacancies on its Ge
square net. The experimentally observed band structures of
HfGe, ¢, Te can be well described using the seven-unit-cell-
thick slab of HfGeTe, whereas the Ge vacancies only induce
hole doping and shifting of chemical potential by 0.2 eV. The
Dirac-cone-like band structure with linear dispersions in a
large energy range (AE ~ 0.6 eV) was observed along T-M
with its crossing points near Ep, which would be gapped
under SOC. At a high-symmetry point X, Dirac points pro-
tected by nonsymmorphic symmetry and anisotropic electron
pockets were observed. For electron pockets, a split was
observed along X-M, which indicates the existence of SDPs
under SOC based on our calculation. Thus, three types of
Dirac points, namely, the Dirac nodal line with conventional
Dirac points vulnerable to SOC, the robust Dirac points
protected by the nonsymmorphic symmetry against SOC and
vacancies, and potential SDPs derived from the surface,
coexist in HfGe,g,Te. Typical twofold anisotropic AMR

with AMR o (Bcosf)?* and easy exfoliation show the quasi-

2D characteristics of HfGe, o, Te, indicating that HfGe, o, Te
is a good candidate to explore exotic topological phases or
topological properties and is especially promising to realize
2D SDPs considering its quasi-2D nature.
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