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Figure 1 (a) Schematic of [WS¢]®™ structure; (b) top view of 2M-WS,; (c) side views of the 1T’ phase TMDC; (d) side views of the 2M-WS,; ()
atomic resolved STM topography of WS,; (f) dZ/dV spectrum of 2M-WS,. The low energy d//dV spectrum shows a U-shaped superconducting gap,
which can be fitted with a gap function of two-fold symmetry. The inset is large-scale dZ/dV spectrum [53].
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Figure 2 Impurity and magnetic field response of 2M-WS,. (a), (b)
Two series of d//dV spectra acquired across two intrinsic impurities (a)
1 and (b) 2 (marked by dashed lines in the insets). Red lines correspond
to spectra taken at the impurity sites. (¢) Magnetic field dependent
superconducting gap. (d) Zero-bias conductance extracted from the data
in (c). Linear fitting indicates an upper critical field of approximately
2.6 T [53].
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Figure 3 MZM in the superconducting vortex core of 2M-WS,. (a) Zero-bias differential conductance mapping of a single vortex; (b) d//dV spectra
measured on the vortex center (red curve) away from the vortex (blue curve); (c), (d) a series of d//dV spectra measured along the b direction through
the vortex center in (a), presented as (c) false-color image and (d) raw data; (e)—(g) a series of d//dV spectra measured along the a direction through the
vortex center in (a), presented as (f) false-color image and the raw data from positions 1-8 (e¢) and 9-16 (g). The inset in (g) is the schematic

illustrating the evolution of the coexisting MZM and CBSs [53].
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Figure 4 Spatial distribution of bound states within superconducting
gap. (a) Differential conductance maps of a vortex at different energies;
(b) constant density of states contours extracted from (a); (c) energy
dependence of the anisotropy strength for the vortex bound states [53].
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Figure 5 Lattice-decoupled stripe-like charge order. (a) Top view of 2M-WS,. The green dashed lines represent the zigzag atomic chains. The
yellow region schematically illustrates the incommensurate stripe-like charge order. (b)—(e) STM topographic images of stripe modulations along
different directions. The yellow and green arrows denote the directions of the stripe-like charge order modulation and the zigzag atomic chains,
respectively. (f)—(i) Inverse FFT results of the stripe-like charge order wave vector gqyip. Insets show the corresponding FFT results of (b)—(e). (j) The
statistics of the gqyipe in different regions. The green and yellow arrows denote the directions of the zigzag atomic chains and the ggyipe in (b)—(i),
respectively. The brown line indicates the average value of the ggyipe [75].
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Figure 6 Stripe-like charge order modulation developed in the vicinity of a strange metal phase in 2M-WS,;. (a) Topographic images of the stripe
modulations and their corresponding FFT results at different temperatures; (b) inverse FFT results of the stripe modulation signal gguipe; ()
temperature dependence of the wavevector g, intensity. The broad red line serves as a guide. The orange and yellow dashed lines indicate the
superconducting transition temperature 7, and the stripe-like charge order transition temperature 77, respectively. Inset shows the profiles of the FFT

intensity along the red line in (a) at different temperatures [75].
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Figure 7 Relaxation of stripe modulation. (a) Topographic images showing the evolution of stripe modulation after different numbers of annealing
cycles. Yellow and green arrows indicate the directions of the stripe modulation and the zigzag atomic chains, respectively; (b) FFT results of the 2M-
WS, topography at different temperatures. The last panel corresponds to the result after four annealing cycles at 4 K; (c) intensity of the wave vectors
Gsiripe and ¢ giipe as a function of the number of annealing cycles [75].
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Figure 8 Interplay between stripe-like charge order and superconductivity in 2M-WS,. (a) Series of d//dV spectra acquired across a stripe-like
charge order region. The black dashed arrows connect selected peaks within the stripe-like charge order region (shown in the inset) to their
corresponding spectra measured at those locations; (b) modulation of the superconducting coherence peaks across the stripe-like charge order region.
The red line traces the height of the coherence peaks extracted from (a). The black line indicates the corresponding stripe modulation profile; (c)—(f)
zero-bias conductance maps acquired after different cycles of magnetic field application. The dashed boxes indicate the stripe charge order region. The
different vortex distributions under identical magnetic field conditions indicate a weak vortex pinning effect by the stripe-like charge order [75].
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Figure 9 (a), (b) Spatial distribution of the vortex lattice within the
stripe-like charge order region under magnetic fields of (a) 0.36 T and
(b) 0.8 T; (c) zero-bias differential conductance map of a single vortex;
(d) false-color image of dZ/dV spectra measured along the Cut 1 in (c),
showing only CBSs [54].

FKT, (ESZIG VIS5 A SR Bk, FR, BTz
B TH I 5 A B AR A T R A R AR B e (10
(d)), MZMEZ I 18R 2 774R AT fe s H 3R 1 1 480K
A (B 11(a)). — R & B ASEIE: MZMIKSRAFTE
T2 BUIR HLT PP I X3, (H L3 iR 02 2 SOIR B A
S, T AR ) BE R A e A% T 3t 25 T2 (B 11(b)).

NIGUEIX —E G, AR T BRA R
FNRFPE R OR A A BT, G RS S e P E RN
P AT B, BUE BRI MBI
JiE FL 2% BUIR FLART 7 568 T i ST, MZMIR i3 bR 4
Fff S A [l R B VR T X (B 11 (). 3 AT DR i
N AR R THT BRI D] E e e BN TR, 1T
R RS RFE AN EF R, WP 2 (8] TE B s
BET] DLARMZM(E 11(d)). 303 - 5 5 e s 0] £ 38 76
BELR I Zak 7, FTHRAS S R FR M E (B 11 (e)), 32
— B UL T % EUR A

AT BEALA R SRR ML, AR R R %
SUIR BT AR A — RS v R R4 F B @A SR
BENFHINTJRERE, T 70 R e JE A A4 3 HH 41T i AH

280005-10



TR, T E R WY )% RO

2026 £ HsS6 8

d

~
B

w

d//dVv (a.u.)
N

-

|— Top (with stripes)
Middle (no stripes)

— Bottom (no stripes)

Bottom ol )
-2 0 2 4
Bias (mV)
(e) ] . v M (9) MZM
el |40 s
. 1.3¢ 1
0 20 = a5 W
Position (nm) E 512 V
5 ‘
b Middl S 5 > W
(b)  iddle g 20 %31.1«%\%-
o > =y
& 10 11z 1
o core ?
CBSs ]
0 ! , 0.9 Energy 1
2 0 2 2 0 -2 0 2
Bias (mV) Bias (mV) Bias (mV)

B 10 ERSIXEHMZMIKE. (a) 5 = RWS, DRI IR, 36 B K G 285 1 5 B I STMAE ST (b), (c)
] )2 (b) 5= () TS BN R T [N zigzag R IR T BEZEH); (d) =2 B0°FRdIAVIE; (¢) iR MEE Lo (20 il 20) 532 B
308 IX 35 G €20 P ) A5 T A/ d Vs s (), () YRR SR Tkt e Jig et 75 1R INA5 R A1/ d VAl ) () D R € B () SR R it ()i B w3t

FEMZM 5 CBSsi Ak [ 77 2% 54

Figure 10 Recovery of MZM in a stripe-free region. (a) Topographic image of a region containing three WS, layers. Inset is the line profile of the
STM topography across the step edges, taken along the gray dashed line; (b), (c) topographic images of the middle (b) and bottom (c) layers. Insets are
the zigzag atomic chains of sulfur atoms; (d) averaged d//dV spectra acquired across the three layers; (e) d//dV spectra measured on the vortex center
(red curve) away from the vortex (blue curve) in the bottom layer; (f), (g) a series of d//dV spectra measured along the a axis of a vortex core in the
bottom layer, presented as (f) false-color image and (g) the raw data. The inset in (g) is the schematic illustrating the evolution of the coexisting MZM

and CBSs [54].
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Figure 11 Suppression of MZM by surface stripe-like charge order. (a) Schematic of the stripe-like charge order formation process during sample
cleavage; (b) schematic of the suppression effect by surface stripe-like charge order, where the MZM is downward to the location beneath the topmost
layer with stripe-like charge order; (c) spatial distribution of the MZM wavefunction from tight-binding lattice calculations with and without strong
surface charge order; (d) stripe-order-induced domain wall that supports the MZM; (e) bulk phase diagram in parameter space based on tight-binding
calculations [54].
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Majorana zero modes, as non-Abelian anyonic excitations in condensed matter physics, are pivotal building blocks for
topological quantum computing. Beginning with their theoretical background and recent experimental advances, this
article presents scanning tunneling microscopy studies of the Fu-Kane topological superconductor 2M-WS,. Our work
reveals, first, the coexistence of anisotropic Majorana zero modes and conventional Caroli-de Gennes-Matricon bound
states within superconducting vortices. Second, we report the discovery of a novel stripe-like charge order that coexists
with superconductivity, exhibits rotatable symmetry, and is decoupled from the host lattice—its transition temperature
residing within the strange metal phase. Further studies show that this charge order can modulate Majorana zero modes,
pushing them away from the surface into deeper layers, offering a controllable route toward their spatial manipulation
and braiding.

Majorana zero mode, 2M-WS,, magnetic vortex, stripe-like charge order, scanning tunneling microscopy
PACS: 74.90.+n, 74.25.-q, 71.45.Lr, 73.22.-f, 74.55.+v
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