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Fig. 1. (a) Four-terminal device based on HgTe/CdTe
quantum well with two current terminals 1, 4 and two
voltage terminals 2, 3; the blue region and green region can
be independently tuned into the three region shown in pan-
el (b); (b) band structure of 2 D HgTe/CdTe quantum well.
Bulk energy gap divides three region: QSH region, n-SH re-
gion and p-SH region.
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Fig. 2. Sketch map of voltage drop induced by chiral edge states and helical edge states in multi-terminal system.
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Fig. 3. Nonlocal resistors R23,14 and transmission coefficient Th4 and Ty1 vs energy E71 with energy of detector region Eo =0.

left and right panels are for M =0 and M = 5 meV , respectively. Top panels are band structure of infinite ribbon, the blue lines

and red lines correspond to spin up and spin down, respectively.
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Fig. 4. Panel (a) Iy vs energy Ey. Panel (b) and (c): longitudinal non-local resistance R23,14 vs energy Ei with different I’y for
normal dephasing [panel (b)] and spin dephasing [panel (c)].
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Fig. 5. Band structures of infinite ribbon with various magnetic field B for exchange field M = 0 (top panels) and 5 meV (bottom

panels). Red lines denotes the chiral edge states. The red lines and blue lines are correspond to the states of spin up and spin down.
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Dephasing effect of quantum spin topological states in
HgTe/CdTe quantum well"
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Abstract

HgTe/CdTe quantum well is a typical two dimensional topological material which supports the helical edge
states and quantum spin Hall effect that is imposing in applying of spin electronic devices. The special plateau
valued with 0.25 h/e? of nonlocal resistance in H-shaped four terminal devices can be used as the fingerprint of
quantum spin Hall effect. Based on the HgTe/CdTe quantum well, with the aid of nonequilibrium Green's
function theory and multi-terminal Landauer-Biittiker formula, we calculate the nonlocal resistance and study
the dephasing effect of spin topological states in the presence of exchange field and external magnetic field. It is
found the dephasing processes play a role completely different from exchange field and external magnetic field.
The latter destroy time reversal symmetry and change the width and relative position of topological gap, but do
not influent the topological stability of helical edge states. In the contrary, dephasing processes don't change the
width and relative position, however, they broke the topological stability. We consider two kinds of dephasing:
normal dephasing and spin dephasing. In the first kind, the carriers lose only the phase memory while
maintaining the spin memory. In the second kind, the carriers lose both phase and spin memories. Because of
the spin locking properties, normal dephasing almost have no influence on the helical edge states. While the

spin dephasing will induce spin flip backscattering and finally destroy helical edge states seriously.

Keywords: quantum transport, quantum spin Hall, nonlocal resistance, dephasing

PACS: 73.23.—b, 73.20.—, 85.75.—d DOI: 10.7498/aps.68.20191072

* Project supported by the National Natural Science Foundation of China (Grant No. 11674024).

1 Corresponding author. E-mail: xingyanxia@bit.edu.cn

227301-11


http://dx.doi.org/10.1103/PhysRevB.94.035409
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.1103/PhysRevB.94.035409
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.1103/PhysRevB.94.035409
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.1103/PhysRevB.94.035409
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevB.94.035409
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1103/PhysRevLett.112.116601
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3551
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1038/nphys3485
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1103/PhysRevLett.111.086803
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1038/nphys2322
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevB.97.165408
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.101.146802
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.118.156401
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevLett.104.066805
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevB.77.115346
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1103/PhysRevLett.103.036803
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1007/s11467-019-0907-2
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1103/PhysRevB.75.081301
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1016/j.carbon.2017.10.017
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.80.165316
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.1103/PhysRevB.83.115315
http://dx.doi.org/10.7498/aps.68.20191072
mailto:xingyanxia@bit.edu.cn
mailto:xingyanxia@bit.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

