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Fig. 1. (a) The lattice structures of FeSe; (b) the top view of Fig.(a). The one-Fe unit cell is enclosed by red/solid
lines and the two-Fe unit cell is enclosed by the blue/dashed lines, with the two-Fe sublattice labeled with A and B.

The inverse center is labeled by the small cross at the midpoint of the A-B link. The glide-plane mirror reflection

symmetry { my

11
3 50} and the glide-plane inversion symmetry{i

11
550} are defined after the origin is fixed on Fe

11
site. Note that the fractional translation 3 50 is defined under the two-Fe unit coordinate vector (z’,v’,2’).
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conductor.
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Fig. 3. (a) In the atomic limit, the evolution of the bands from Bi and Se under the influences of the following four
effects [16], (I) the hybridization of Bi orbitals and Se orbitals, (II) the formation of the bonding and antibonding
states due to the inversion symmetry, (III) the crystal field splitting, (IV) the influence of the spin-orbit coupling;

(b) and (c) are the similar processes in iron-based superconductors at high-symmetry I" point (Fig. (b)) and M
point (Fig. (¢)). In both (b) and (c), (I) the hybridization of iron 3d orbitals and X 4p or 5p orbitals, (II) the crystal
field splitting, (III) the formation of the bonding and antibonding states, which are classified with the parities of

glide-plane symmetry, (IV) the influence of the spin-orbit coupling or other effects.
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Fig. 4. (a) Band structures which are resolved by ARPES [25]; (b) the schematic drawing about the bands near I" and
M points 23], (c)—(e) band structures obtained from tigh-binding Hamiltonian with different hopping parameters.

The red and blue colors label the bands with odd and even parities [29].
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Fig. 5. (a) The high-symmetry points 1-4 in two-iron unit cell picture; (b) the edge spectrum in weak topological

phase [211; (¢), (d) the transition from weak to strong topological phase [21l; (e), (f) the transition from trivial to

strong topological phase (211,
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Fig. 6. Band structures of monolayer FeTe [?%]: (a) a = 3.925 A; (b) a = 3.805 A. The red solid lines represent the
band with spin-orbit coupling and the gray lines represent the band without spin-orbit coupling. The inversion-

symmetry parities of the eigenstates at near the Fermi level are shown: blue circles for even parities and green circles

for odd parities.

L HEBLIERR 2 RO 2 B AP T: 1) T A
W 96 10 B, A BRI A B, B, R
2) s #5 P-M 7 LK 340 G 4 FERTIF. 58
AR ST B A kA —
BRI, 3 5 LA B A4 S 1
R AR A, 6 (a) %t T T Bk
%Wﬁm%%%%ém&ﬁw%@&ﬁg@mi
B R RTR RS, 7T DURIL Ay 25 1 2 1 KA
B |2y, k) SHNCER |2,k + Q) AR, WA
(BEgt, B ) & FEHRBER (|22, k), |yz, k) &
AN B (o, ), [y, o)) A5 AL, 7 1 1 W L 4
B, B (Byy, By ) ASTE T BB/ I
A5, I TR A I A FORAE 25 14928 1 3kt

PR B AR I IR AR, BT LUR I 6 (a) HH 1 RE 5 25
MR, SRR e & 3 (b) Hr i 4E A
1 EHGAR LR, w7 LRI 6 (a) XRS5, Agy
MEg BED SHEG MR TR, HHPE—AK
90 meV [ g B 73 IF. LI AN B8 B AT LA 1
il 5 PSR JE FHAT T, I 40X S 25 1 IR e 2= DK 3
R BEN — AN 1 Zo $04hANAL B b i 1 E B (1)
WANES. 3 — PR R B B AR W IR AR S e T DA
FE 52 FeTe R A, TR BA UM S A% 4L,
a = 3.805 A. MM [fEH Z5 MW 6 (b) B, o
Aoy M Eg BFE T mSER AT e, #E—2 it
B 2% WX b B AT S A2 e 3] Fe THT A4 50 55 R i %
RO/ S B, e SLACRT A, 43 RN

207101-10


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 20 (2018) 207101

BRI 8 H IR PE R A B Agy By A RE
B, A Te R HIEE d, Ay I Eg B &
B H AR I A 1B 7 (a) BT, BEE % 3L
[PIk/IN, Te JEF = ERN, A4 Agy BIEER T2,
Eg SRR LR, SEAM A, WS, 55— R
THREFRPIMAAE R EE a = 3.905 A, XF B Te (1)
R d =1.535 AP M4 < 3905 AR, AR
FIINETRE, 243.886 A < a < 3.905 AR, A,
SR, A, R IR, RAREH O 564 i B ieiE
MRS, Ma < 3.886 AR, A, &5, BIER
HHIRIERA, fer R AE T k¥, K6 (b) T

1.60 |~ (a') {06

1.58

—u— d

40.4

+40.2

0

Te height
=
sy
=

1.48

3.80 3.85 3.90 3.95 4.00
Lattice contant

—4—=0.2
—4—-0.4

1 " ! II " 1 " 1 —0.6

. HZ FeTe M FMA RS WE 7 (b) Fios.

Te [ 51 JE AT LU T 5 2% Se JE ik FeTe; . Se,
WA, AH S, PR AR AT DU IS 2032 Se 5 28K
FERM. T AGTHIG TS IR EE, W DA S IR0 5
M E . 7E FeSe Al FeTeg 5Seq.5 1, Se 1) £
3 1.46 F11.589 A. fR1% Se 111 £ B Se W
(1220 2 2 M AR A 11 31 B8 7E 30 P56 A8 A4k Se
I TR FEXT N, ¢ = 0.7. Rk, I8 42k Se
IR Bt T — AR5 1 45 6 FeTei— . Se, i 4h
FHAZ RIS T B

1.0
()
0.5
0
—0.5
-1.0 1
b'e r X

Energy/eV
S wt [=2]

w

(V)

7 (a) Te HIFE d R As, Ay, BT PRI 8 B0E0 284k 131, (b) 4T S % % a = 3.805 A, HX [100] 34 i) 822

FeTe )i i %k [3°]

Fig. 7. (a) The Te height d and the gaps Ag and A,, as functions of in-plane lattice constant [3%]; (b) the spectrum
function of the monolayer FeTe with a = 3.805 A with [100] edges [3°].
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Fig. 11. (a) The band structures of As chain from tight-binding model [*3]; (b), (c) the band structures around

the Fermi energy without and with spin-orbit coupling, respectively (431, (d) the band structures from first-principle
calculations [43].
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Fig. 12. (a), (b) The evolution of Wannier function centers in topological and trivial phases with tight-binding model [3];

(c), (d) the relevant edge states from tight-binding model [43]; (e) the phase diagram of band insulator and quantum spin

Hall state about the spin-orbit coupling A and staggered potential A

[43)
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Fig. 14. Topological edge state comparison between theory and STS spectra [°2]: (a), (b) STM topography of the

ferromagnetic and antiferromagnetic edge; (c), (d) STS line scanning at the marked positions along the blue arrow

direction of the ferromagnetic and antiferromagnetic edge; (e) superconducting gap comparison between STS and
ARPES; (f) theoretical and ARPES band structures around the M point; (g) theoretical 1D band structures with
ferromagnetic and antiferromagnetic edge, respectively; (h) theoretical local density of states for edge and bulk

states; (i) STS spectra of edge and bulk states extracted from (c) and (d) for ferromagnetic and antiferromagnetic

edge respectively.
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Fig. 15. The ARPES measurements about monolayer FeTe_,Se,/SrTiO3 (551 (a) Evolution of the intensity plot
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(e) comparison of the band dispersions at I" for each sample; (f) Se concentration dependence of the effective mass.
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Fig. 16. (a), (b) ARPES spectra before and after K surface doping [*9]; (c), (d) the relevant energy distribution curve [39],
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distribution curve of (a); (c¢) band structures around I” point with s-polarized light; (d), (e) the zoom-in plot of (a);

(f) summary of the overall band structures.
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momentum distribution curves along cut #1; (f) Lorentzian peaks fitting to a few representative momentum distribution curves

along cuts (1-5); (g)—(j) photoemission intensity plots along cuts #2-5; (k) energy location of the Dirac point.
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Fig. 19. (a) Band structures around M point in nematic phase of FeSel78l; (b) symmetry-breaking order

parameters as a function of the nearest neighbor Coulomb interaction V' eI
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Fig. 20. Band structures and Fermi surface in nematic phase of FeSel[78l: (a) Band structures without nematic
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across the Dirac point along the cut2 in (c).
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Fig. 21. The spectra function of FeSe with nematic
order on the [100] edge with xi\d = 11 emV, X4Ad =
18 meV and spin-orbit coupling strength 40 meV (78],
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Fig. 22. The evolution of the band of FeS about antiferromagnetic order (841 (a) Band structures of the paramagnetic

state with spin-orbit coupling; (b1)—(b3), (c¢), (d) bands evolution from the paramagnetic state to the (m, 1/2)

antiferromagnetic state along the M-I"-X lines from the mean-field Hamiltonian for the (m, /2) antiferromagnetic

state with the [001]-direction magnetization and spin-orbit coupling.
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Fig. 23. (al)—(a3) Under the two effective bands picture, the schematic diagrams show the topological phase

transition induced by the (m, 1/2) antiferromagnetic order and spin-orbit coupling; (b) surface Brillouin zone; (c),
(d) the surface states about (010) and (100) surface. The figure is from Ref. [84].
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Table 1. Irreducible reperestation (IR) of superconducting pair in momentum-independent channels (291,

(k, —k) : AK) ea() ea() - {mz %%o} R
—is.m —iszm2 Zilse — sy S0M4
V2

s50M0 1 1 1 1 Af
S0A8 1 1 1 1 Aig
S0A1 1 -1 1 1 Bag
50(A4, Ag) (=1, -1) (1, -1) 50(X6, Aa) (-1, -1) E,
isz A2 1 1 1 1 Aig
s2(Ns, A7) (-1, -1) (-1, 1) —5.(M7, As5) (-1, -1) ol
i(sz, Sy)A2 (-1, -1) (-1, 1) i(sy,sz)A2 (1, 1) Eg
i(52X5, 5y A7) (1, 1) (1, 1) —i(syA7, sz As) (-1, -1) ol
i(sy s, 52A7) 1,1 (—1, 1) “i(saA7, 5yAs) (—1, 1) EZ)

K2 BIEMSLHE SR AT RR 29
Table 2. Irreducible reperestation of superconducting

pair in momentum-dependent channels (291,

(k,—k) : A(k) IR
J17a(k)soXoss, f5(k)soAt, fa(kz)sors + f3(ky)soAr Aﬁ)
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f2(k)soA1, fa(ky)sors — fa(ka)soAz Agg
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if5(k)sz A2, i1/970(f3(ky)s. /0wy A + f3(kz)s. /o] Bag
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Fa(ka)szyy o % fa(ky)sy a0 Af)
Fa(kz), fa(ky)]s=Ao EY
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Fig. 24. Schematic picture of the proposed setup for
the realization of topological superconductivity. p-
type and n-type doping of FeSe/ STO could lead to an
topological (T) state and a superconducting (S) state,
respectively. The boundary could generate a 1D topo-

logical superconductor under external magnetic field.
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Fig. 25. Schematic picture of the proposed setup for

the realization of Majorana fermions: (a) Two Majo-

rana modes; (b) a Majorana chain realization.
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Fig. 27. (a) Topological nontrivial (001) surface states
for FeSeg.5Teq.5 (O8] (b) when the temperature de-
creases to below superconducting transition temper-
ature, the bulk bands open s-wave SC gaps, which

induce the surface states to be superconducting [°5].

with respect to the bulk pairing gap.
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Abstract

Iron-based superconductors and topological quantum states have been two important research frontiers in condensed

matter physics in recent years. It is a very significant question whether the nontrivial topological phenomena can occur

in iron-based superconductors. In this paper, the basic characteristics of the electronic structure of iron-based supercon-

ducting are analyzed from three aspects: crystal symmetry, effective model near the high symmetry points in Brillouin

zone, and spin-orbit coupling interaction. On this basis, this paper focuses on how the nontrivial topological quantum

states occur in the normal state, the states with long-range order near superconducting state and the superconducting

state. Furthermore, the relevant theoretical models and results are introduced in detail, the related experimental progress

is reviewed, and the development in this field is prospected.
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