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short-long-short-long bonding with each other. Intere-
stingly, the three Se atoms within the same plane of each
Mo triangle tend to move oppositely and thus form a
buckled in-plane structure. We applied such a distortion
mode to the undistorted structure, and after relaxation, we
found that such Peierls distortion indeed eliminates the
negative phonon modes [see Fig.





linear-dispersing direction, the quadratic and cubic-
dispersing directions have enhanced density of states near
the band-crossing point, which results in stronger screening.
Specifically, in CDSM (n ¼ 3), the Coulomb interactions
along the in-plane directions are screened with a faster decay
than that along the rotation axis (r−1). Recently, it was
predicted that WSM with n ¼ 3, in the presence of short-
range interactions, can easily undergo a continuous quantum
phase transition into either a translational symmetry-breaking
axion insulator or a rotational symmetry-breaking nematic
state [60]. Furthermore, the nonlinear dispersion and the 1D
nature of a condensed-matter system would cause a break-
down of the interacting Fermi liquid theory for electron
behavior, leading to Luttinger liquid instead.
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APPENDIX A: CLASSIFICATION OF DIFFERENT
TYPES OF FERMIONS IN SOLID-STATE

PHYSICS

Table II shows examples of materials that host different
types of fermions classified by the degree of degeneracy (g)
and the highest power of band dispersion (n). Here, we
consider three-dimensional crystals with spin-orbit cou-
pling, respecting time-reversal symmetry. We consider
single-point degeneracy in k space, so the materials with
line nodes are not included. Some cases, e.g., g ¼ 8 and
n ¼ 3, are forbidden because of the restriction of crystal
symmetries. Some cases are predicted to exist, but there is
no material realization yet (marked by “?” in the table). The
materials with asterisks have hypothetical configurations,
while the rest of the examples (including our work) have
been synthesized as single crystals.









[3] X. Wan, A. M. Turner, A. Vishwanath, and S. Y. Savrasov,
Topological Semimetal and Fermi-Arc Surface States in the
Electronic Structure of Pyrochlore Iridates, Phys. Rev. B
83, 205101 (2011).

[4] Z. Wang, Y. Sun, X.-Q. Chen, C. Franchini, G. Xu, H.
Weng, X. Dai, and Z. Fang, Dirac Semimetal and Topo-
logical Phase Transitions in A3Bi (A ¼ Na, K, Rb), Phys.
Rev. B 85, 195320 (2012).

[5] B. Bradlyn, J. Cano, Z. Wang, M. G. Vergniory, C. Felser,
R. J. Cava, and B. A. Bernevig, Beyond Dirac and Weyl
Fermions: Unconventional Quasiparticles in Conventional
Crystals, Science 353, 5037 (2016).

[6] G. Xu, H. Weng, Z. Wang, X. Dai, and Z. Fang, Chern
Semimetal and the Quantized Anomalous Hall Effect in
HgCr2 353

https://doi.org/10.1103/PhysRevB.83.205101
https://doi.org/10.1103/PhysRevB.83.205101
https://doi.org/10.1103/PhysRevB.85.195320
https://doi.org/10.1103/PhysRevB.85.195320
https://doi.org/10.1126/science.aaf5037
https://doi.org/10.1103/PhysRevLett.107.186806
https://doi.org/10.1103/PhysRevLett.108.266802
https://doi.org/10.1038/nature15768
https://doi.org/10.1038/nature15768
https://doi.org/10.1103/PhysRevX.5.011029
https://doi.org/10.1126/science.aaa9297
https://doi.org/10.1103/PhysRevLett.108.140405
https://doi.org/10.1103/PhysRevB.88.125427
https://doi.org/10.1038/nmat3990
https://doi.org/10.1126/science.1245085
https://doi.org/10.1126/science.1245085
https://doi.org/10.1038/ncomms5898
https://doi.org/10.1103/PhysRevLett.115.126803
https://doi.org/10.1103/PhysRevB.93.241202
https://doi.org/10.1103/PhysRevLett.116.186402
https://doi.org/10.1103/PhysRevLett.116.186402
https://doi.org/10.1103/PhysRevX.6.031003
https://doi.org/10.1103/PhysRevX.6.031003
https://doi.org/10.1134/S0021364010220091
https://doi.org/10.1103/PhysRevB.93.205109
https://doi.org/10.1073/pnas.1514581113
https://doi.org/10.1073/pnas.1514581113
https://doi.org/10.1103/PhysRevLett.11.194
https://doi.org/10.1103/PhysRevLett.11.194
https://doi.org/10.1016/0022-4596(80)90505-8
https://doi.org/10.1016/0022-4596(80)90505-8
https://doi.org/10.1021/ja00343a014
https://doi.org/10.1021/ja00343a014
https://doi.org/10.1103/PhysRevB.82.235128
https://doi.org/10.1103/PhysRevB.82.235128
https://doi.org/10.1103/PhysRevB.91.205128
https://doi.org/10.1103/PhysRevB.91.205128
https://doi.org/10.1016/0038-1098(80)90734-6
https://doi.org/10.1016/0038-1098(80)90734-6
https://doi.org/10.1016/0038-1098(84)90813-5
https://doi.org/10.1016/0038-1098(84)90813-5
https://doi.org/10.1103/PhysRevB.93.085427
https://doi.org/10.1103/PhysRevB.84.235126
https://doi.org/10.1103/PhysRevB.92.081201
https://doi.org/10.1103/PhysRevB.92.045108
https://doi.org/10.1103/PhysRevB.92.045108
https://doi.org/10.1103/PhysRevLett.115.036807
https://doi.org/10.1038/ncomms10556


https://doi.org/10.1103/PhysRevB.93.201114
https://doi.org/10.1103/PhysRevB.93.201114
https://doi.org/10.1016/S0022-4596(85)80057-8
https://doi.org/10.1016/S0022-4596(85)80057-8
https://doi.org/10.1088/1367-2630/9/9/356
https://doi.org/10.1063/1.1665738
https://doi.org/10.1063/1.1665738
https://doi.org/10.1103/PhysRevLett.112.036403
https://doi.org/10.1038/srep14423
https://doi.org/10.1103/PhysRevB.93.241117
https://doi.org/10.1016/0038-1098(88)90806-X
https://doi.org/10.1016/0038-1098(88)90806-X
https://doi.org/10.1038/ncomms12262
https://doi.org/10.1073/pnas.1524787113
https://doi.org/10.1088/0953-8984/28/30/303001
https://doi.org/10.1088/0953-8984/28/30/303001
https://doi.org/10.1103/PhysRevB.93.161110
https://doi.org/10.1016/0370-2693(83)91529-0
https://doi.org/10.1016/0370-2693(83)91529-0
https://doi.org/10.1103/PhysRevB.91.245157
https://doi.org/10.1038/nphys3372
https://doi.org/10.1038/ncomms10735
https://doi.org/10.1103/PhysRevX.5.031023
https://doi.org/10.1103/PhysRevX.5.031023
https://doi.org/10.1103/PhysRevB.92.035203
https://doi.org/10.1126/science.aac6089
https://doi.org/10.1103/PhysRevB.91.235131
https://doi.org/10.1103/PhysRevB.92.045121
http://arXiv.org/abs/1609.06313
http://arXiv.org/abs/1610.05762
https://doi.org/10.1103/PhysRevB.59.1758
https://doi.org/10.1103/PhysRevB.59.1758
https://doi.org/10.1103/PhysRevLett.77.3865
https://doi.org/10.1103/PhysRevLett.77.3865
https://doi.org/10.1016/0927-0256(96)00008-0
https://doi.org/10.1016/0927-0256(96)00008-0
https://doi.org/10.1016/j.scriptamat.2015.07.021
https://doi.org/10.1103/PhysRevB.55.10355

