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Sixfold, fourfold, and threefold excitations in the rare-earth metal carbide R2C3
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Unconventional fermions, such as threefold, fourfold, sixfold, and eightfold fermions have attracted intense
attention in recent years. However, the concrete materials hosting unconventional fermions are still in urgent
scarcity. In this work, based on first-principle calculations and symmetry analysis, we reveal rich unconventional
fermions in existing compound R2C3 (R = Y, La, Ce, Pr, Nd, Sm, Tb, Dy, Ho, Er, Tm, Yb, Lu). We show that
these compounds host quadratic dispersive threefold, linear dispersive fourfold, and sixfold points (SPs) near the
Fermi level in their electronic band structures when spin-orbital coupling (SOC) is not included. We also find
that a uniaxial strain can transform the unconventional fermions into other types of fermions, depending on the
directions of strain. When SOC is considered, a SP transforms to an eightfold degenerate point and a fourfold
degenerate point. Overall, our work provides a family of realistic materials to study the unconventional fermions.
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I. INTRODUCTION

Topological semimetals/metals have been attracting in-
tense research interest in present condensed matter physics
[1–5]. Commonly, there are emergence nontrivial band cross-
ings in their electronic band structures near the Fermi level,
enforced by topology and symmetry. Hence, the quasiparticles
in the low-energy region behave differently from the con-
ventional fermions which are described by the Schrödinger
equation. For example, Weyl/Dirac semimetals/metals pos-
sess two-/fourfold degenerate band crossings in their band
structures, and the quasiparticle around the crossing can be
described by the Weyl/Dirac equation which behaves like the
Weyl/Dirac fermion in the high energy region [6–26], leading
to novel physical phenomena, like the chiral anomaly [16].
Recently, topological semimetals/metals with unconventional
fermions, like double Weyl fermion, charge-2 Dirac fermion,
spin-1 fermion, sixfold fermion, eightfold fermion, protected
by crystalline symmetry are becoming a focusing research
field [27–35]. Therefore, it is natural to search the realistic
materials to study these unconventional fermions which are
accompanied by fascinating physical properties.

Until now, only several materials have been reported that
host new types of unconventional fermions. For example,
structurally chiral topological semimetals, the CoSi family
[36–41], was predicted to host chiral fermions that were char-
acterized by large Chern numbers C (topological charges),
namely, spin-1 excitation and double Weyl fermions which
have | C |=2. Since these fermions locate at the center or
corner of the first Brillouin zone, Fermi arcs connecting the
nonzero chiral fermions almost span the whole Brillouin zone
[40]. Remarkably, due to the absence of mirror symmetries,
these two chiral fermions locate at different energies, expected
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to display some exotic physical effects, gyrotropic magnetic
effect, and quantized circular photogalvanic effect [42,43].
Recently, Takane et al. [37] have experimentally demon-
strated the existence of these unconventional chiral fermions.
Subsequently, a chiral fermion of sixfold degeneracy char-
acterized by C=±4 was found in AlPt material verified in
experimental and theoretical works [44]. Followingly, PdSb2

[45–47], PtBi2 [48], and Li12Mg3Si4 [49] are also predicted
to possess such a fermion. A few real materials, including
compound TaTe4 [50], were predicted to host an eightfold
fermion. However, the number of candidates to study the un-
conventional fermions is limited, and they also have their own
disadvantages.

Much effort has been devoted to discovery materials which
host unconventional fermions. So far, realistic materials pos-
sessing different types of unconventional fermions at the
same time are limited. Thus, it is urgent to identify realistic
materials with unconventional fermions. According to the
symmetry discussion, we have known that the symmetries
play an important role in the determination of degeneracy.
The space group No. 220 allows multiple degeneracy points to
exist. Particularly, the space group No. 220 has been proposed
that possesses degenerate points with different degeneracy,
namely, threefold, fourfold, and sixfold in the same time.
Therefore, materials belonging to No. 220 are good candidates
to study the unconventional fermions. In this work, we indeed
discover a family of materials with No. 220, R2C3, (R = Y,
La, Ce, Pr, Nd, Sm, Tb, Dy, Ho, Er, Tm, Yb, Lu), which
host six- (SP), four- (FP), threefold degenerate points (TP) at
the same time. This family of materials has three advantages.
First, the rare-earth sesquicarbides, R2C3, (where R is a rare
earth) share the same lattice structure (belonging to No. 220).
By changing the rare-earth element, there is a trend that the
degenerate points are approaching the Fermi level. Hence, we
can find a more ideal candidate. Second, besides the degener-
ate points, there are no other extraneous bands around them;
this provides an ideal candidate to study the unconventional
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fermions in concrete materials. Third, this family of mate-
rial has been synthesized in experiments [51–55]. Samples
produced by arc melting have critical temperatures Tc of
10–12 K, with little dependence on the particular rare earth.
Since the 1960s, research has mainly focused on the investiga-
tions of their superconducting, electronic, and thermodynamic
properties, electron-phonon coupling, and neutron diffraction
[52,56–63]. The intensive studies about this family of materi-
als suggest that they are good candidates to be experimentally
detected.

In this work, based on the first-principle calculations and
symmetry analysis, we demonstrate that the R2C3 family ex-
hibits three types of fermions at high symmetry points, i.e.,
a sixfold point at H point, a threefold point at � point, and
a Dirac point at P point. We take Yb2C3 as an example to
support our discovery. We point out that the reasons for such
a choice are at least in two aspects. First, the three unconven-
tional band crossings in Yb2C3 are quite close to the Fermi
level, which dominates the main features. Second, there are
no other extraneous bands around the band crossings. To study
the features of unconventional fermion, we construct the low-
energy effective k · p model for the three points. We find that
the threefold point has a quadratic dispersion which is dramat-
ically different from the spin-1 fermion with linear dispersions
in all directions. The Dirac point has a linear dispersion, and
carries a zero topological charge since it lies in an invariant
subspace of a mirror. We discovery that the sixfold degenerate
point has a zero Chern number which can be regarded as
a composition of two spin-1 fermions of opposite chirality,
and we demonstrate it by the symmetry constrained effec-
tive Hamiltonian. Notably, we also plot the surface spectra,
finding that the Fermi arcs span the whole surface Brillouin
zone (BZ), which is promising to be directly observed by
angle-resolved photoemission spectroscopy (ARPES). There-
fore, the R2C3 family compounds are excellent candidates to
investigate the unconventional fermions.

II. COMPUTATIONAL METHODS

We perform first-principles calculations in the framework
of DFT. All calculations in our work were done using the
Vienna ab initio simulation package (VASP) [64]. Ion cores
adopt the projector augmented wave pseudopotentials [65] to
model. For the exchange correlation potential, we adopt the
generalized gradient approximation (GGA) of the Perdew-
Burke-Ernzerhof (PBE) functional [66]. The plane wave basis
energy cutoff was set as 500 eV. A �-centered k mesh of
11 × 11 × 11 was used for BZ sampling. For the rare-earth
elements, we executed GGA + U calculations to describe
the Coulomb interaction [67]. The effective Coulomb energy
Ueff was set as 3 eV, and we found the band structures will
not change in a large range of U values (0–5 eV) [68]. The
topological features of surface states were calculated based on
the maximally localized Wannier functions [69,70], realized
by using the WANNIERTOOLS package [71].

III. CRYSTAL STRUCTURE

The R2C3 (R = Y, La, Ce, Pr, Nd, Sm, Tb, Dy, Ho, Er,
Tm, Yb, Lu) materials have been synthesized in experiments

FIG. 1. (a) Unit cell and (b) primitive cell structure for Yb2C3.
The shadowed region in (a) shows that one Yb atom is bonded to
six C atoms. (c) The total density of state (DOS). (d) The projected
density of state (PDOS).

[51–55]. We take Yb2C3 as an example to illustrate our results.
Yb2C3 has a cubic crystal structure belonging to space group
I4̄3d (No. 220). As shown in Fig. 1(a), one Yb atom bonds
with six C atoms. In a unit cell, Yb and C atoms occupy
the 16c (0.0499, 0.0499, 0.0499) and 24d (0.2937, 0, 0.25)
Wyckoff sites, respectively. The fully relaxed lattice constants
are a = b =c = 8.348Å, which match well with the experi-
mental values (a = b =c = 8.072 Å [51]). Figure 1(b) shows
the primitive cell of Yb2C3 with 8 Yb and 12 C atoms. The
optimized and experimental lattices of all materials in the

TABLE I. The optimized and experimental lattice parameters
and the energy positions of multifold degeneracy points (in units of
eV) for R2C3 (R = Y, La, Ce, Pr, Nd, Sm, Tb, Dy, Ho, Er, Tm, Yb, Lu)
compounds. Here OL and EL stand for optimized and experimental
lattices. SP, TP, and FP stand for the sixfold, threefold, and fourfold
points, respectively.

Compound OL (Å) EL (Å) Ref. SP (eV) TP (eV) FP (eV)

Y2C3 8.264 8.234 51 −0.773 −0.998 −0.781
La2C3 8.819 8.817 52 −0.559 −1.013 −0.614
Ce2C3 8.405 8.448 52 −0.661 −1.281 −0.751
Pr2C3 8.700 8.590 53 −0.666 −1.021 −0.662
Nd2C3 8.617 8.534 53 −0.683 −1.033 −0.681
Sm2C3 8.477 8.399 54 −0.714 −1.043 −0.716
Tb2C3 8.289 8.253 52 −0.762 −1.057 −0.775
Dy2C3 8.237 8.206 53 −0.778 −1.062 −0.798
Ho2C3 8.189 8.144 55 −0.793 −1.067 −0.820
Er2C3 8.143 8.132 51 −0.809 −1.072 −0.843
Tm2C3 8.090 8.092 51 −0.828 −1.082 −0.874
Yb2C3 8.348 8.072 51 0.194 −0.004 −0.011
Lu2C3 8.011 8.035 51 −0.856 −1.079 −0.912
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FIG. 2. (a) The bulk Brillouin zone for Yb2C3. (b) Electronic
band structure for Yb2C3 without SOC. The shadowed regions show
the positions of sixfold, threefold, and fourfold points, which are
labeled as SP, TP, and FP, respectively. (c)–(e) Shown are the three-
dimensional plots of band dispersions near SP, TP, and FP.

R2C3 family compounds have been summarized in Table I.
In our calculations, we adopt the optimized lattice structures.

IV. TOPOLOGICAL BAND STRUCTURE

A. Symmetry analysis and k · p model

We plot the total density of states (DOS) and the pro-
jected density of states (PDOS) of the Yb2C3 compound in
the absence of spin-orbit coupling (SOC) in Figs. 1(c) and
1(d). One can observe that the bands around the Fermi level
are mainly contributed by the d orbitals from Yb atoms.
Figure 2(b) shows the band structure of Yb2C3 without SOC

along high symmetry paths. One can notice that there exist
three band crossings, namely, a sixfold point at the H point,
a threefold point at the � point, and a fourfold point at the
P point. Importantly, these multifold-degenerate points are
very close to the Fermi level without other extraneous bands.
Thus, they are promising for experimental observations in the
near future. Also, the materials show no magnetic ordering,
thus the time-reversal symmetry (T ) is preserved. Consider-
ing the nonsymmorphic crystalline symmetries, they together
protect these unconventional excitations.

Let us first study the sixfold band crossing at the H point.
The sixfold degenerate point is near the Fermi level (locating
at 0.194 eV). It is formed by four electronlike bands and two
holelike bands, consistent with the 3D band structure that
one observes in Fig. 2(c). Along the �-H line in Fig. 2(b),
the sixfold band splits into four singly degenerate bands and
one doubly degenerate band. Symmetry analysis shows that
five bands belong to irreducible representations �3, �3, �1,
�2 + �4, and �1 of the C2v symmetry. In the other path, the
H-N line, the sixfold degenerate bands split into three twofold
degenerate bands protected by M̃1−10 and T symmetries.
They have same irreducible representations �1 + �2 of the
Cs symmetry.

One has checked that the topological charge of this sixfold
point is zero which can be demonstrated by the effective
Hamiltonian. The little group of it belongs to Td which is
generated by {S−1

4x | 1
2 00}, {M̃110 | 1

2 00}, and {C−1
3,11̄1̄

| 1 1
2

1
2 }.

The irreducible representation of the sixfold band at H is
the superposition of �4 and �5. To characterize the topology
of the sixfold excitation, we have constructed an effective
k · p model around this band crossing at H . Taking the �4

and �5 irreducible representations as the basis, after a uni-
tary transformation, the effective Hamiltonian takes the form
as follows:

H(k) =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

0 −ivkx −ivky 0 −v′kx v′′ky

ivkx 0 ivkz −v′′kx 0 v′kz

ivky −ivkz 0 v′ky v′′kz 0

0 −v′′kx v′ky 0 ivkx ivky

−v′kx 0 v′′kz −ivkx 0 −ivkz

v′′kx v′kz 0 −ivky ivkz 0

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (1)

We should point out that, in a limitation that v � v′ and
v � v′′, the Hamiltonian can be rewritten as

H(k) =
[

vk · s 0

0 −vk · s

]
. (2)

Here, S is the angular momentum for the spin-1 fermion,
which satisfies that [Si, S j] = iεi jkSk . Consequently, this six-
fold point is a composition of two spin-1 fermions of opposite
helicity. As the conventional Dirac point, it also shows a zero
topological charge.

Turn to the threefold band crossing at the � point.
Figure 2(b) shows the electronic structure for it along the
N-�-P path without SOC. Along the N-� line in Fig. 2(b),

the threefold band split into three singly degenerate bands,
which belong to irreducible representations �2, �1, and �1 of
the Cs symmetry. In the other path, the �-P line, the threefold
degenerate bands split into one twofold degenerate band and
one singly degenerate band. Their irreducible representations
are �3 (2) and �1 (1) of the C3v symmetry. It is worth point-
ing out that it shows a quadratic dispersion along �-N and
�-P paths, consistent with its 3D band structure in Fig. 2(d).
To characterize the nature of this quadratic threefold excita-
tion, we also establish an effective Hamiltonian via symmetry
analysis. For the � point, its little group Td has four genera-
tors {C−

3,111 | 000}, {C2z | 1
2 0 1

2 }, {C2x | 1
2

1
2 0}, and {M̃110 | 1

2 00},
and the irreducible representation at � is chosen as �5. To-
gether with time reversal symmetry, the effective Hamiltonian
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constrained by symmetries is expressed as

H(k)

=

⎡
⎢⎣

α
(
k2

x + k2
y

)
i(β−k2

+ + β+k2
−) −γ k−kz

−i
(
β+k2

+ + β−k2
−
)

α
(
k2

x + k2
y

)
iγ k+kz

−γ+kz −iγ k−kz 2αk2
z

⎤
⎥⎦,

(3)

with k± = kx ± iky, and α, γ are real parameters, β± = (2α ±√
2γ )/4. Particularly, the position of the TP point is almost at

the Fermi level, which can be read from Table I. To be noted,
although the quadratic TP point has been proposed in some
materials, there is no ideal candidate. Our work provides an
ideal candidate to study this kind of unconventional fermion.

Lastly, we discuss the fourfold point at the P point. As
shown in Fig. 2(b), the fourfold degenerate point is a result
of the crossing of two nondegenerate bands and one double-
degenerate band along path �-P-H . In detail, the double
degenerate band and two singly degenerate bands separately
belong to irreducible representations �3 (2), �1 (1), and �2

(1) of the C3v symmetry. Notably, the 3D band structure [see
in Fig. 2(e)] for the P point indicates that it has a linear disper-
sion. To confirm its topology, we construct an effective model
around the band crossings at P. There are four independent
generators at the P point, namely, {C+

3,1̄1̄1
| 0 1

2
1
2 }, {C2y | 0 1

2
1
2 },

{C2x | 3
2

3
2 0}, and {S+

4x | 1
2 11}. The irreducible representation

for the fourfold degenerate band at P is �3. With the con-
straints from symmetries, we expand the model up to the first
order which is given as

HDirac(k)

=

⎡
⎢⎢⎢⎢⎣

0 Ck− −Aeiθ1 kz Be−iθ2 k+
Ck+ 0 Be−iθ2 k− Aeiθ1 kz

−Ae−iθ1 kz Beiθ2 k+ 0 Ck−
Beiθ2 k− Ae−iθ1 kz Ck+ 0

⎤
⎥⎥⎥⎥⎦.

(4)

Here, A, B, C, θ1, and θ2 are real parameters, with C = (α +
β)/

√
6, and A = |3α - i(α + 4β )|, B = |3β + i(2α + β )|,

θ1 = arg[3α − i(α + 4β)], θ2 = arg[3β + i(2α + β)]. Such
an effective Hamiltonian clearly exhibits a linear dispersion
around the FP. Along an axis, say ky, one can derive the four-
band dispersion as

E1,2 =
√

2(5α2 − 4αβ + 8β2)ky, (5)

E3,4 = −
√

2(5α2 − 4αβ + 8β2)ky. (6)

Then, there exists a fourfold degenerate point at ky=0. It can
also be applied to the other two axes; linear dispersions also
can be derived. Since P point lies on the invariant subspace of
the mirror M11̄0, the Dirac point here therefore carries a zero
topological charge.

We have demonstrated that the different excitations are
stabilized by the crystalline symmetries. The most fascinating
discovery is that the sixfold excitation carrying a zero topo-
logical charge can be regarded as a composition of two spin-1
fermions. And the fourfold point also carries a zero Chern

FIG. 3. (a) Projected spectrum on the (0 1 0) surface of Yb2C3.
The black dot indicates the positions of the fourfold, sixfold, and
threefold points. Two Fermi arcs (pointed by arrows) connect these
multifold-degenerate points. (b)–(d) Surface states of other projec-
tive or opposite terminating surfaces with clearer Fermi arcs. (e) The
corresponding constant energy slice for (a) at E1 = 0.16 eV, E2 =
0 eV, and E3 = −0.08 eV. The arrows point to Fermi arcs.

number. Next, we focus on the topological surface Fermi arcs
for them.

B. Surface states

A nontrivial topological phase implies the presence of sur-
face states. We plot the surface spectrum for Yb2C3 on the
plane (0 1 0) [see in Fig. 3(a)], in which two Fermi arcs
are emanating from the projections (i.e., P̄, H̄ , and �̄) of
the band crossings, including SP, FP, and TP. We also plot
the enlarged images for surface spectra in Figs. 3(b)–3(d) on
different surfaces; Fermi arcs also can be clearly observed.
Most interestingly, we find that the surface states are extended
in the whole BZ. The clear and extended Fermi arc states on
different surfaces can greatly facilitate their detections in fu-
ture experiments. The reason for it may be that these fermionic
excitations reside in either the center or the corner of the
BZ; the surface states that connect their projections emerge
extensively on the side surface. In addition, we also calculated
the constant energy slices near P̄, H̄ , and �̄ corresponding to
Fig. 3(a) (at E1 = 0.16 eV, E2 = EF , and E3 = −0.08 eV),
as shown in Fig. 3(e). Particularly, such an extended Fermi
surface state can be easily identified at the Fermi energy,
which provides a good candidate to experimentally study the
unconventional fermions.
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C. Effects of strain

Based on the slope of the crossing bands, a nodal point
can be classified into type-I and type-II classes. On the other
hand, they also can be classified into distinct categories ac-
cording to their energy dispersions around the band crossings,
namely linear, quadratic, and cubic Weyl points. For nodal
lines, depending on the type of nodal points on them, it is
proposed that type-I, type-II, and hybrid-type nodal lines.
When all the points on the nodal line are type-I (type-II), the
nodal line corresponds to type-I (type-II) [72–75]; if the nodal
line possesses both type-I and type-II nodal points, it belongs
to the hybrid type [76,77]. Many interesting properties have
been proposed for each type of nodal points and nodal lines.
In our work, we can realize these distinct topological phases
by symmetry breaking via strain. Here, we take Yb2C3 as
an example.

First, we use a compressive strain along [001] to break the
threefold rotation along [111] direction. One can see that it
makes the sixfold point split into three twofold degenerate
points at the H point due to the breaking of C3,111. These three
points are not isolated, but points belonging to nodal lines
on path H-N . Meanwhile, there emerges a type-II Weyl point
on path �-H . Turning to the threefold point at � point, there
is a single band keeping away from the degenerate point, and
a type-I quadratic Weyl point appears at the � point which
almost lies at the Fermi level [see Fig. 4(e)]. A type-II Weyl
point also emerges on the �-N path. In Fig. 4(h), under a
[0 0 1] direction strain, the fourfold point is separated into
two double degenerate points at the P point.

Second, we consider a strain along the [1 1 1] direction.
Then, the sixfold point at the H point is transformed into a
fourfold point and a twofold degenerate point, and the twofold
point is also a point on the nodal line along path H-N [see
in Fig. 4(c)]. Such a strain makes the threefold point at the
� point split into one twofold degenerate point and one singly
degenerate band [see Fig. 4(f)]. Besides, there are also emerg-
ing a type-I Weyl point along the N-� path and a threefold
point along the �-P line. The fourfold point is transformed
into one double degenerate point which is a point on the
nodal line on path P-� and two singly degenerate bands [see
Fig. 4(i)]. Moreover, there emerge threefold points on path
�-P, together with a nodal line along �-P and a nodal loop
around the P point. Notably, for each k path (P-a, P-b, P-c,
and P-d) from the P point in the plane, we can obtain both
type-I and type-II band crossings, as shown in Fig. 4(j). It is
evident that the nodal loop in Fig. 4(i) is a hybrid nodal loop.
Here, we should address the difference between threefold
points along �-P and the one appearing at the � point model:
First, the former one appearing on the high symmetry path is
the crossing between 2D and a 1D irreducible representations.
However, the latter occurs at a high symmetry point which is
in a 3D irreducible representation. Second, the former one is
accompanied by nodal lines; the topology is strongly related to
the Berry phase of nodal lines [78]. The topology of the latter
one is exhibited by its topological charge and corresponding
surface states.

Beyond the strain, when SOC is taken into consideration,
the topological phases would experience a transformation.

FIG. 4. Bulk band structures along the �-H -N path without
strain (a), with [0 0 1] strain (b), and with [1 1 1] strain (c). Bulk
band structures along the N-�-P path without strain (d), with [0 0 1]
strain (e), and with [1 1 1] strain (f). Bulk band structures along
the �-P-H path without strain (g), with [0 0 1] strain (h), and with
[1 1 1] strain (i). (j) Schematic illustration of the hybrid-type nodal
line in (i) centering on the P point in the H -P-� plane. Crossing
the nodal line, we choose four k paths, namely P-a, P-b, P-c, and
P-d . The points a, b, c, and d are equally spaced between � and H .
Electronic band structures of Yb2C3 at the P-a, P-b, P-c, and P-d
paths display the nodal line that possesses both type-I and type-II
band crossings. SP, sixfold point; FP, fourfold point; TP, threefold
point; WP, Weyl point; NL, nodal line.

We discuss the case with SOC in the Supplemental Material.
We also find the presence of some unconventional fermions
with SOC.

D. Comparison in R2C3 family

Figure 5 shows the electronic band structure for the R2C3

(R = Y, La, Ce, Pr, Nd, Sm, Tb, Dy, Ho, Er, Tm, Yb, Lu)
family of materials in the absence of SOC. One can observe
that they share a similar band structure; three unconventional
fermions can be discovered in corresponding high symmetry
points. Generally, there is a trend (from Y to Lu) that the
degenerate point should appear in a much lower energy as
the increment of valance electrons (see in Table I). However,
one can easily observe that the material Yb2C3 is the best
candidate. This result may be attributed to the electron filling.
Among these rare-earth elements, only the Yb atom has full
filled orbitals, leading to a weaker orbital hybridization. We
take the neighbors of Yb as comparisons, considering R=Tm,
Yb, Lu. We plot the DOS [68]; the bands around the Fermi
level are mainly contributed by the p, d orbits. Here, d orbits
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FIG. 5. Electronic band structures of (a) Y2C3, (b) La2C3,
(c) Ce2C3, (d) Pr2C3, (e) Nd2C3, (f) Sm2C3, (g) Tb2C3, (h) Dy2C3,
(i) Ho2C3, (j) Er2C3, (k) Tm2C3, and (l) Lu2C3 without SOC. The
multifold degeneracy points are highlighted by red shadowed re-
gions. Sixfold point is at the H point; threefold point is at the
� point; fourfold point is at the P point.

are from rare earth and p are from C and rare-earth elements
except Lu. Comparing the DOSs, one can easily observe that
the hybridizations in Tm2C3 and Lu2C3 are indeed stronger
than those in Yb2C3. More states appear in bonding orbitals
Tm2C3 and Lu2C3, leading to the band crossings dropping
down below the Fermi level. In sharp contrast, states prefer to
occur in low energy in Yb2C3, and the degenerate points are
therefore lifted. Consequently, the realistic material Yb2C3 is
the best candidate. We should emphasize that this family of
materials shares a similar electronic band structure; although
degenerate points in materials (R = Y, La, Ce, Pr, Nd, Sm, Tb,
Dy, Ho, Er, Tm, Lu) locate far from the Fermi level, there are
no other extraneous bands around them at their energy level.

V. DISCUSSION AND CONCLUSION

Before closing, we have several remarks. First, the most
important finding here is that we propose a family of mate-
rials, R2C3, which realizes multiple types of unconventional
fermions, including the six-, four- and threefold fermions.
We emphasize that the realistic material Yb2C3 is an ideal
candidate to study these unconventional fermions. It has ad-
vantages over others. (i) The band crossings in the Yb2C3

electronic band structure are closed to the Fermi level. Partic-
ularly, the TP points almost lie at the Fermi level. (ii) It has a
“clean” band structure without other rambling bands nearby.
(iii) Yb2C3 has clear “Fermi arcs” corresponding to uncon-
ventional fermions. As shown in Fig. 3, the surface states
emerge from the projections of unconventional fermions, and
extensively exist on the side surfaces. Moreover, these surface
states are within a wide energy window. Thus, it is easy to
detect the unconventional fermions in experiments.

Second, taking Yb2C3 as an example, we can realize a
phase transition by using strain, leading to various topological
phases. (i) Under a [0 0 1] direction strain, these points can
be transformed to type-I quadratic and type-II linear Weyl
points. (ii) With a strain in the [1 1 1] direction, one can derive
more fruit phases, including fourfold, threefold, type-I Weyl
points, and a hybrid-type nodal line. When SOC is considered,
there still exist unconventional fermions in these materials.
As shown in Fig. S3 [68], there exist fourfold and eightfold
(higher degeneracy) band crossings. It indicates that the study
still is meaningful after considered SOC.

In conclusion, by using first-principles calculations, we
predict that bulk R2C3 family compounds host sixfold, three-
fold, and fourfold fermions in the absence of SOC. Even
when the U value varies from 0 eV to 5 eV (see Supple-
mental Material), the multifold degeneracy points are still
stable. Most importantly, Yb2C3 is an ideal material for study-
ing unconventional quasiparticles in conventional crystals for
its advantages over other materials. Thereby, R2C3 family
compounds, especially Yb2C3, can serve as new platforms
for the study of unconventional quasiparticles in near future
experiments.
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