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Fig. 1. (a) High-resolution scanning tunneling microscope (STM) topography of FeTejss55¢45; (b) large-scale dI/dV map of
FeTeg 555€¢ 45 surface at 0 meV under 0.5 T; (¢) dI/dV map of a typical vortex hosting MZM at 0 meV; (d) dI/dV curves taken at
the center (red) and at the edge (black) of the vortex in panel (c); (e) a waterfall like plot of dI/d V line-cut along the dashed arrow

in panel (c), the black curve corresponds to vortex center/®l.
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Fig. 2. (a) DFT+DMFT calculation results for the band structures of CaKFe,;Asy; (b) ARPES spectral intensity plots along the
I-M direction on CaKFe As,; (c) symmetrized EDCs at the momentum points marked by the red arrows in panel (b), the super-
conducting gap values of 5.9 meV is attributed to the topological surface bands; (d) STM topography of CaKFe As,; (e) zero-bias
conductance map around a vortex core; (f) comparison of dI/dV spectra at vortex core (P1), middle (P2), edge (P3), and without

magnetic field (SC gap); (g) spatial patterns of vortex-bound states at energies corresponding to Ly (MZM), L_y, L 5, and L 4.
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Fig. 3. (a) Crystal structure and Brillouin zone of Li(Fe, Co)As; (b) LiFeAs band dispersion along I-M and I-Z; (c) wide range
dI/dV spectra measured at an impurity assisted vortex (red curve) and on a clean surface region without impurities (black curve);
(d) wide range line-cut intensity plot for an impurity assisted vortex, showing electron doping effect; (e) a zero bias conduc-

tance map around an impurity assisted vortex; (f) dI/dV intensity measured under 2.0 T along the white dashed line indicated in

panel (e)l00.
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Fig. 4. (a) STM image of FeTe| 555¢( 45 after atomic Fe atom deposition; (b) intensity plot of a series of spectra detected across Fe

adatom; (c), (d) tunnel-barrier conductance dependence of the dI/dV spectra on a Fe atom and its intensity plots; (e), (f) the same

as panel (c) and (d), but measured under a magnetic field of 6 T
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Fig. 5. (a) Intensity plot and waterfall plot of a dI/d V linecut through a topological vortex core, showing the integer quantized vor-

tex bond states; (b) the intensity plot and waterfall plot of a dI/dV linecut through an trivial vortex core, showing the half-odd-in-

teger quantized vortex bond states; (c¢) a histogram of averaged level energies for 35 topological vortices; (d) a histogram of aver-

aged level energies for 26 ordinary vortices/s!.
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Fig. 6. (a) Schematic of tunnel-coupling tunable experiment; Inset: dI/dV spectrum measured at vortex center under 2 T; (b) an

overlapping plot of dI/dV spectra at vortex center under different Gy; (¢) a three-dimensional schematic diagram depicting the vari-

ation in differential conductance values with respect to changes in energy and tunnel junction; (d) line profile of panel (c) along the

dashed line at zero bias; (e) line profile of panel (c) along the dashed lines at high bias values'!]
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Fig. 7. (a) STM topography (top) and height profile (bottom) of the first type of wrinkle; (b) STM torphology (top) and height pro-

file (bottom) of the second type of wrinkle; (c¢) comparison of dI/dV spectra between the two wrinkles and the normal region;

(d)—(f) schematic diagram of tuning of LiFeAs band structures by strain!%.
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Fig. 8. (a) STM topography of large area biaxial charge density wave region; (b) corresponding Fourier transform of panel (a);

(c) comparison of dI/dV spectra in different regions; (d) dI/dV intensity spectra along the arrows marked in panel (a); (e) zero bi-

as dI/dV map of the biaxial CDW region under 0.5 T magnetic field; (f) intensity plot of the dI/dV spectra along the red arrow in
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Fig. 9. Formation of large-scale, ordered and tunable MZM lattice. Upper panel: Series of zero energy dI/dV maps of the MZM vor-
tices in the biaxial CDW region under magnetic fields of 0.5, 2, 4, 5, and 6 T. Lower panel: Micrometer-sized ordered MZM lattice
under 6 T,
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Fig. 10. (a) Number (black) and the spacing of neighboring vortices (red) under different magnetic fields, the scanning area is
240 nm x 240 nm; (b) averaged dI/d V spectra under different magnetic fields®!l.
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Fig. 11. Schematic of possible braiding approaches based on the MZM lattice. Upper panel: Physically move the vortices around

each other using a STM tip. Lower panel: Measurement-only approach without physically moving the vortices.
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Abstract

Majorana zero modes (MZMs) obey non-Abelian braiding statistics. The braiding of MZMs can be used to
construct the basic unit— topological qubit— of the topological quantum computation, which is immune to
environmental noise and can achieve fault-tolerant quantum computation. The existing MZM platforms include
hybrid structures such as topological insulator/superconductor, semiconducting nanowire/superconductor and
1d magnetic atomic chain/superconductor, and single materials such as 2M-WS,, 4Hb-TaS,, and iron-based
superconductors (IBSs). The IBSs have advantages such as easy to fabricate, pure MZMs and high surviving
temperatures of MZMs. Recently, a large-scale, ordered and tunable MZM lattice has been observed in LiFeAs,
which provides a promising platform to future topological quantum computation. In this paper, first, we review
the experimental observations of MZMs in IBSs, focusing on FeTej 5S¢ .45, (LigssFeg 1) OHFeSe, CaKFe As,
and LiFeAs. Next, we introduce the critical experimental evidences of the MZMs. We also review the recent
research work on the ordered and tunable MZM lattice in LiFeAs. Finally, we give conclusion and perspective

on future Majorana research.
Keywords: iron-based superconductor, topological band structure, Majorana zero mode
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