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Having been a ground for various topological fermionic phases, the family of ZrSiS-type 111 ma-
terials has been under experimental and theoretical investigations. Within this family of materials,
the subfamily LnSbTe (Ln = lanthanide elements) is gaining interests in recent times as the strong
correlation effects and magnetism arising from the 4f electrons of the lanthanides can provide an im-
portant platform to study the linking between topology, magnetism, and correlation. In this paper,
we report the systematic study of the electronic structure of SmSbTe - a member of the LnSbTe sub-
family - by utilizing angle-resolved photoemission spectroscopy in conjunction with first-principles
calculations, transport, and magnetic measurements. Our experimental results identify multiple
Dirac nodes forming the nodal-lines along the Γ−X and Z−R directions in the bulk Brillouin zone
(BZ) as predicted by our theoretical calculations. A surface Dirac-like state is also observed at the
X point of the surface BZ. Our study highlights SmSbTe as a promising candidate to understand
the topological electronic structure of LnSbTe materials.

Introduction. The field of topological quantum
materials has been growing ever since the discovery of
the three-dimensional (3D) topological insulators [1–4].
Following the inflow of theoretical and experimental
research studies in the field, topological semimetals
including the Dirac semimetals [5, 6], Weyl semimetals
[7, 8], nodal-line/loop semimetals (NLSMs) [9–11] and
beyond [12, 13] were discovered. After the discovery of
the nodal-line topological state in ZrSiS [10, 11], the
ZrSiS-type 111 materials have attracted a lot of research
interests. The materials in this family are shown to host
nonsymmorphic topological fermions coming from the
square net plane of the Group-IV elements (Si, Ge, Sb)
and nodal-line fermions [10, 11, 14–23]. The existence
of exotic phenomena like unconventional magneto-
transport behavior [24–27], flat optical conductivity [28],
unconventional mass enhancement [29], etc. reported in
this family of materials enticed studies of more members
of this family of materials.

Among various materials in this family, materials
with Si-square net have been extensively studied [10,
11, 14–18, 21, 23], however studies on Sb-square net
materials under this family are still limited. Among
them, the materials under the subfamily LnSbTe [Ln =
lanthanide elements] could be of particular interest be-
cause of the potential co-existence of topology with mag-
netic ordering carried by the lanthanides. Furthermore,
the lanthanide elements come with strongly correlated 4f
electrons, which can potentially give a way to study the
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interplay between topology, correlation, and magnetism
in the ZrSiS-type materials. This makes the study of
the detailed electronic structure of LnSbTe-type mate-
rials desirable, however, only a few studies have been
carried out to date. GdSbTe is reported to exhibit a
topological nodal-line state as well as antiferromagnetic
Dirac state protected by the combination of broken time-
reversal symmetry and rotoinversion symmetry by us-
ing angle-resolved photoemission spectroscopy (ARPES)
[30]. Because of the tunability of the magnetic order-
ing of the Ce 4f electrons, CeSbTe is reported to host a
variety of topological features in the electronic structure
[31]. Another study on CeSbTe showed that the stronger
spin-orbit coupling (SOC) in this material creates a more
symmetric Dirac cone which is protected by the nonsym-
morphic symmetry [32]. The nodal-line state in HoSbTe
is gapped out in the order of 100s of meV which can
be directly observed via ARPES [33]. NdSbTe has been
shown to exhibit coexistence of metamagnetic transitions
and possible Kondo localization [34], while the Kondo
mechanism has been reported in CeSbTe [35]. LaSbTe
has been identified as a genuine NLSM with the nodal
line state present even with the inclusion of SOC effect
[36]. Despite all these works on LnSbTe, Sm-variant of
this family has not been studied yet. The study of this
compound will be useful not only to uncover the under-
lying electronic structure, but also to understand the in-
terplay of the topological states and the nodal-band gaps
in LnSbTe with Lanthanide element substitution.

In this paper, we report the systematic ARPES study
of SmSbTe with parallel first-principles calculations,
transport, and magnetic measurements in order to
uncover the underlying electronic structure, topology,
and magnetism in this compound. The low temperature
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FIG. 1. Crystal structure and sample characterization of SmSbTe. (a) Unit cell of the SmSbTe crystal structure. (b) Bulk
Brillouin zone and the projected surface Brillouin zone with the high-symmetry points marked. (c) The temperature dependence
of electrical resistivity of the SmSbTe crystal. The inset shows the magnetic field dependence of the magnetoresistance. The
solid lines are a guide for an eye. (d) Temperature dependence of magnetic susceptibility measured in 8 T. The inset shows
the field dependence of magnetization measured up to 40 T. (e)-(f) Calculated bulk band structures without and with the
consideration of the effects of SOC, respectively.

electronic structure reported in our study shows the
presence of typical ZrSiS-type diamond shaped Fermi
surface formed by the nodal-line states. Our experimen-
tal observations reveal multiple Dirac nodes along bulk
Γ − X and Z − R directions that form the nodal-lines
in concurrence with the theoretical calculations. Fur-
thermore, the experimental results reveal the presence
of a Dirac-like state around the X point of the surface
Brillouin zone (BZ). Our study provides a new variant
in order to understand the underlying low temperature
electronic structure in the LnSbTe materials.

Methods. Single crystals of SmSbTe were grown
using flux method and characterized as explained in the
supplemental material (SM) [37]. Electrical resistance,
magnetoresistance, and magnetic susceptibility (VSM)
were measured from 2 − 300K in magnetic fields up
to 14T using a Quantum Design DynaCool-14 System.
Magnetization measurements in pulsed magnetic fields
up to 40T were measured using a pickup-coil technique
at NHMFL, Los Alamos. Synchrotron-based ARPES
measurements were performed at the SLS SIS-X09LA
BL at a temperature of 20K with the experimental

energy resolution of the set-up set better than 20 meV.
The first-principles calculations were performed within
the density-functional theory (DFT) formalism [38, 39]
on the basis of projector augmented wave potential [40]
using the Vienna ab initio simulation package (VASP)
[41, 42]. For more details, see Section I of the SM [37].

Results. SmSbTe is a PbFCl-type telleride that crys-
tallizes in a tetragonal layered crystal structure with
P4/nmm (#129) nonsymmorphic space group. The Sb
square plane is sandwiched by the Sm− Te layers form-
ing the quintuple layers of Te− Sm− Sb− Sm− Te slabs
along the [001] directions. Each quintuple layer is weakly
bonded with the neighboring layers via van der Waals
interactions, therefore the crystals usually cleave at the
Te termination on the (001) plane. Each layer of atoms
in this crystal supports global C4ν symmetry. Since
the Sb layer act as a glide mirror plane, it breaks the
C4ν symmetry locally at the Sb atom sites, which is in
line with the
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1
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)
symmetry operation. A unit

cell for SmSbTe crystal structure is presented in Fig.
1(a). The theoretically optimized lattice constants are
a = b = 4.338 Å and c = 9.398 Å. The 3D bulk BZ is
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FIG. 2. Fermi map and constant energy contours. (a) ARPES measured Fermi surface (top leftmost) and constant energy
contours at various binding energies below the Fermi energy on the (001) surface of SmSbTe. The yellow-dashed square on
the FS plot represents the surface Brillouin zone. Corresponding binding energies are marked on each of the constant energy
contour plots. (b) Calculated Fermi map and constant energy contours corresponding to (a). ARPES data were collected at
the SIS-HRPES end station at the SLS, PSI with a photon energy of 95 eV and at a temperature of 20 K.

presented in Fig. 1(b) where the high-symmetry points
are indicated. The bulk BZ is projected onto the (001)
surface on which the ARPES measurements are per-
formed. The electrical resistivity of the SmSbTe crystals
is plotted against the temperature in Fig. 1(c). Interest-
ingly, the resistivity of SmSbTe strongly increases upon
cooling and then saturates at ∼8 K. It has been shown
that in many systems with surface Dirac states, the satu-
ration of the resistance occurs below temperatures where
the metallic topological surface state resistance starts to
dominate over the strongly increasing bulk resistance,
even for bulk crystals [43, 44]. The magnetoresistance
(MR) plotted in the inset of Fig. 1(c) shows linear field
dependency, which signals towards the possible linear
dispersion in the low-temperature electronic structure.
The magnetic susceptibility presented in Fig. 1(d) shows
typical characteristics of weak diamagnetism. The χ(T )
curve is negative and nearly temperature-independent
and the magnetization measured in magnetic fields up to
45 T shows a negative slope of M(H), typical for diamag-
netic materials (see the inset of Fig. 1d). The calculated
bulk band structures without and with the inclusion of
SOC are shown in Figs. 1 (e) and (f), respectively. In
the presence of SOC, the Sm d and Sb p bands along
Z − A direction couple together resulting into band in-
version and gap opening indicating the non-trivial topol-
ogy in SmSbTe (see SM [37]). The calculations suggest
that in the absence of SOC, multiple Dirac nodal-lines
are present along different high-symmetry directions as

indicated by red and blue circles in Fig. 1(e). Some of
these Dirac nodal-lines are gapped out when the effect of
SOC is taken into account with significant gap size espe-
cially along the Z−R direction (see Fig. 1(f)). A similar
SOC gap opening was recently reported in HoSbTe [33].
On the other hand, some Dirac nodal-lines remain robust
even in the presence of SOC (see red circles in Fig. 1(f)).

In order to investigate the detailed electronic structure
of SmSbTe, we present the experimentally obtained con-
stant energy contours at the Fermi energy (top leftmost
plot) and at various binding energies measured with a
photon energy of 95 eV, which corresponds to kz=0 (see
SI for kz dependent measurements [37]). The Fermi sur-
face is a typical of ZrSiS-type materials with a diamond
shaped Fermi pocket centering the Γ point. At around
200 meV below the Fermi level, a faint circular feature
begins to appear around the Γ point. This circular fea-
ture grows in its size on moving to higher binding ener-
gies and emerges into a second diamond shaped energy
pocket at around 500 meV below the Fermi level. The
corners of this second diamond shaped feature are sur-
rounded by small circular pockets at this binding energy.
These circular pockets evolve with binding energy and
become clear ring-like pockets around 600 meV below the
Fermi level. Figure 2(b) shows the calculated Fermi map
and constant energy contours corresponding to Fig. 2(a).
The calculated constant energy contours match well with
the experimental plots. The features seen at the Γ point
near the Fermi level in calculated maps are absent in the
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FIG. 3. Observation of nodal-line semimetal in SmSbTe. (a) Dispersion map and its second derivatives along the M − Γ−M
direction measured at kz = 0. (b) Dispersion map and its second derivatives along the M −Γ−M direction measured at kz =
π. (c) Dispersion map and its second derivatives along the X − Γ −X direction measured at kz = 0. (d) Dispersion map and
its second derivatives along the M −Γ−M direction measured at kz = π. ARPES data were collected at the SIS-HRPES end
station at the SLS, PSI with a photon energy of 95 eV and at a temperature of 20 K.

experimental plots, which are probably due to matrix el-
ement effects. Even though the diamond shaped Fermi
surface looks single sheet in this photon energy which ap-
pears similar to other two LnSbTe compounds [30, 36],
the Fermi map obtained at low photon energy (35 eV)
clearly depicts double sheet diamond shape [37].

In Fig. 3, we present the ARPES measured dispersion
maps along the M − Γ −M and X − Γ −X directions,
respectively at two different kz planes. Figure 3(a) dis-
plays the dispersion map along the M −Γ−M direction
at kz=0. A linearly dispersing band seems to cross the
Fermi level, which gives rise to the diamond shaped Fermi
pocket. Even though bulk band calculations suggest a
gapped state without and with SOC along this direction,
we can not resolve the gap in our experimental data prob-
ably because of the experimental gap being beyond our
experimental resolution. The separation of the bands
forming the gapped state may be very close, therefore
they seem to be a single band over a large energy range
(≥ 1 eV) in the vicinity of Fermi level. Next, we present

dispersion map along the M − Γ−M direction at kz=π
in Fig. 3(b). The bands along this direction show signif-
icant changes with photon energies indicating the bulk
nature of the bands. Figure 3(c) presents dispersion map
(kz=0) along the X − Γ−X direction which depicts lin-
early dispersing bands in the vicinity of X. Those bands
form a nodal-line as predicted by bulk-band calculations.
We can see that the Dirac-like crossing lies very close to
the Fermi level. The hole-like bands away from the Fermi
level around the Γ make a circular feature at constant
energy contours as seen in Fig. 2(a). In Fig. 3(d), the
dispersion map along the X−Γ−X (kz=π) is presented,
which shows the presence of Dirac-like bands forming the
nodal-line state in the bulk calculation along Z − R di-
rection (Fig. 1(f)). The dispersion maps along these two
different directions at two photon energies provide the
indication of the bulk bands at the Γ point, whereas, we
can clearly see the coexistence of surface and bulk bands
in the vicinity of X.

Next, we focus on the dispersion map along the



5

FIG. 4. Observation of surface state on the (001) surface of SmSbTe. (a) Dispersion maps along the M − X −M direction
measured at different photon energies. The corresponding photon energies are noted on top of each plots. (b) Calculated
surface electronic structure along the M −X −M . ARPES data were collected at the SIS-HRPES end station at the SLS, PSI
with a photon energy of 95 eV and at a temperature of 20 K.

M − X − M direction which shows the Dirac-like
dispersion (Fig. 4). The bands forming the Dirac-like
dispersion do not disperse with the photon energies indi-
cating that the bands correspond to the surface (see SM
[37] for more photon energy dependent measurements).
The Dirac node exists around 600 meV below the Fermi
level. Figure 4(b) displays the surface calculations along
the M − X −M direction, which exhibits small gap at
the Dirac node. This gap might be due to the quantum
size effects that can occur in slab calculations [11]. The
experimental gap, if there is any, is not resolved, which
is likely due to the experimental resolution being greater
than the gap size.

Conclusion. In summary, we performed a detailed
ARPES study on SmSbTe together with transport and
magnetic measurements as well as first-principles calcu-
lations. Our ARPES data show the typical ZrSiS-type
diamond Fermi surface and Dirac-like states at the
corner of the BZ. The surface Dirac-like state at the
X point in the surface BZ is gapped according to our
theoretical calculations, however the gap is too small
to be resolved from our experiments. Multiple Dirac
nodes forming the nodal-line states are present along
different high-symmetry directions in the absence of
SOC, some of which are gapped out and the others
remain robust in the presence of SOC. In addition, we
observe the saturation of the electrical resistivity at low
temperatures and linear magnetoresistance through our
transport measurements. Our study provides a new

platform in order to understand the electronic structure
in LnSbTe subfamily of materials.
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