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Topological superconductivity (TSC) hosts exotic modes enabling error-free quantum com-
putation and low-temperature spintronics.[1, 2,13, 4, 5,6, 7] Despite preliminary evidence
of edge modes[8, 9,10, 11, 12], unambiguous signatures remain undetected[13,14,15,16].
Here, we report the first observation of protected, non-local transport from the edge
modes of the potential Weyl-superconductor FeTe,ssSe,4s. Namely resonant charge in-
jection, ballistic transport, and extraction via edge modes.[14, 15, 16] An anomalous con-
ductance plateau emerges only when topological, superconducting, and magnetic phases
coexist, with source-drain contacts coupled via the edge. Moving the drain to the bulk
switches the non-local transport process to a local Andreev process, generating a zero-
bias conductance peak (ZBCP). The edge mode’s topological protection is confirmed by
its insensitivity to external magnetic fields and increasing temperatures until the sponta-
neous magnetization is substantially suppressed. Our findings provide a new methodol-
ogy to demonstrate TSC edge states in FeTe, 55Se 45 via topologically protected non-local

transport.[4, 17,18, 19, 20, 21]

Introduction

Long-pursued are the non-trivial boundary states that would provide strong evidence for topo-
logical superconductivity (TSC), and could enable fault-tolerant quantum computation.[3, 4,
Sk 6l 7, 117, 1181 119 22]] An promising approach is propagating edge states from a chiral topo-
logical superconductor (C-TSC).[13, 14, 15, 16] While numerous candidate systems have been
experimentally explored,[8, 9, 10} [11} (12} 23l 24] however, proving a TSC state requires di-
rectly probing the phase of the order parameter or the non-trivial properties expected from the
emergent modes. As such, the clear identification of C-TSC is a long-standing experimen-

tal challenge since their predicted local electrical signals can be misleading and result from



non-topological sources[25, 26/ 27]. An alternative is exploring the undetected non-local and
topologically protected responses of the edge states that produce unambiguous signatures in
transport experiments.[[13} [14} 15, [16] With this in mind, we focused on the magnetized topo-
logical superconductor FeTe 55S€ 45 that could produce a Weyl-superconducting phase with
edge states (Fig. 1a)[28, 29, [30] when it combines a non-trivial topological band structure[31,

32,133, 134], superconductivity, and time reversal symmetry breaking (TRSB)[35, 136,37, 38]].

Here, we detect these previously unobserved non-local and topologically-protected signa-
tures to explore potential Weyl-superconducting state in the iron-based superconductor FeTe 5S¢ 45
[Fe(Te,Se)]. The existence of TSC edge states is revealed via the observation of perfect trans-
mission (Fig. 1b), long-range, decoherence-free, and non-local transport from source to drain
(Fig. 1a) that is required the mediation of such states.[13} 14,15, 16] Specifically, to achieve this
observation, we exploit the cleavable edges and exfoliatable nature of FeTe s5Se( 45 via a new
method of proper etching and placing contacts on straight and continuous edges (determined
by AFM- Fig. Ic and cross-section STEM - Fig. 1d), where the top oxide enables transport
primarily into the side. When the electrodes primarily touch crystalline edges of FeTe ssSeq 45,
a robust conductance plateau is observed (Fig. 1g), and its non-local nature is confirmed by
its disappearance upon moving the current drain to the bulk (Fig. 2). The decoherence-free
and topologically protected nature of the conductance plateau is further demonstrated by its
reproduction across numerous devices and in multiple laboratories (Fig. S7, S8), along with its
immunity to thermal smearing (Fig. 3) and external magnetic fields (Fig. 4), which is a strong
distinction from trivial Andreev bound state[39]. Finally, the necessity of all three ingredients is
confirmed by the correlation between the plateau’s temperature evolution and the magnetization
(Fig. 3), along with its absence in topologically trivial Fe(Te,Se) samples with similar magnetic

and superconducting properties (Fig. le).



Topology and TRSB in the Fe(Te,Se) Superconductor

In the iron-chalcogenide superconductor FeTe,_,Se, [Fe(Te,Se)], the concurrence of supercon-
ductivity and topological electronic band structure has been revealed in samples with suitable
Te/Se ratios (x =~ 0.45, T, ~ 14.5 K) [31, 32, [33] 34]. Furthermore, multiple experiments
revealed TRSB below T, in Fe(Te,Se)[35, 36, 38, 40]], with matching temperature dependence
from Sagnac Magneto-Optical Kerr Effect (SMOKE) and SR experiments demonstrating the
TRSB state in the bulk[38]]. The emergence of spontaneous TRSB in FeTe,_,Se, could produce
a new TSC regime, namely Weyl superconductivity, where Chiral superconducting edge states

emerge along its side surfaces.[28, 29, 30, 41]

To explore this possibility, we first performed 4-terminal transport and SMOKE experi-
ments to ensure TRSB and superconductivity indeed coexist in our FeTe 5sSe 45 single-crystalline
flakes and devices. These measurements revealed a sharp superconducting transition at 7, ~
14.2 K (Fig. le) and the onset of a global spontaneous magnetization at Tk, ~ 10 K < T¢,
with a rapid enhancement below 1%, ~ 5 K (Fig. 1f). Here, we note that the SMOKE tem-
perature dependence on our FeTe ssSe 45 flakes and devices are highly consistent with the SR
experiment[38]]. Therefore, our devices contain superconductivity, topological band structure,
and bulk TRSB below T.,.., whose proper combination may produce a Weyl TSC with gapless

edge states[28, 29, 30, 41]] (see Fig. 1a and Section 2 in the Supplementary Information).

Device Design

Theoretically, the emergence of C-TSC edge states produces distinguishing signatures in the
differential conductance signal (G[V,T] = %) in non-local transport experiments[14, (15, [16].

Specifically, the propagating edge modes generate topologically protected transport channels,
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and the self-Hermitian property (I'. = I';) enforced by the TSC suppresses normal reflections
(Fig. 1b)[113,142]. For these reasons, if the current source and drain touch the same edge states,
these modes mediate resonant current injection and extraction (Fig. la) along with ballistic
transport (Fig. 1b). Thus, the charge transport through the C-TSC edge states is an unusual
non-local process distinct from normal Andreev reflection (AR)[43]] or processes possible with
normal Andreev bound states[39]. Notably, a signature conductance plateau should result from
the C-TSC edge modes constant density of states and absence of decoherence[ 135} 29] whose
width reflects their bandwidth (proportional to the exchange gap Apg,/[29]), rather than su-
perconducting gap Agc. Due to its decoherence and barrier-free (i.e., resonant) qualities, the
magnitude of the conductance plateau signal should be proportional to the number of new trans-
port channels from the edge states and is temperature, magnetic field, and voltage-independent
as long as the system remains in the C-TSC state. [13} (14,116} 42]] Such signals are also distinct
from the non-local transport associated with crossed Andreev reflection or elastic co-tunneling
processes in trivial superconductors [44, 45, 46] which are rapidly suppressed via heat, external
magnetic fields, or by separating the source and drain farther than the superconducting coher-

ence length &£.[44, 45]]

However, these features were not observed in previous experiments measuring transport
into FeTe 55Se 45.[43), 47, 48] Instead, some experiments revealed an anomalous conductance
peak around zero bias voltage that was attributed to helical hinge modes.[48] Indeed, those ex-
periments were performed before the TRSB was detected and did not realize the device condi-
tions needed to observe the non-local response. Here, we make a crucial advance by engineering
electrical contacts that avoid the possibility of mode splitting between the current source and
drain due to accidental steps on rough edges ("Line2’ in Fig. 1c). Specifically, we exploited

the tetragonal structure of Fe(Te,Se) and employed Atomic Force Microscopy (AFM) to pre-



select (see Methods in SI) flakes with sharp (i.e., straight and continuous) edges (e.g., 'Linel’
in Fig. Ic). For all data presented in the main text, we employed exfoliated Fe(Te,Se) flakes

that displayed these sharp edges.

Another crucial element is avoiding primary contact to the top surface (i.e. bulk). Indeed,
the oxidation of the thin flake Fe(Te,Se) is known to occur rapidly, even inside a glovebox [49].
Thus, similar to the challenge of making contacts to 2D TMDC materials, here, one cannot use
the standard approach to making edge contacts in graphene. To overcome these challenges, we
employed our ’cleanroom in a glovebox’ to develop a simple method to realize edge contact
for thin flake Fe(Te,Se). Specifically, we optimized the time and power of the Ar plasma just
before metal deposition. This maintained the top oxide while making Ohmic contacts to the
cleaved edge (see cross-section STEM image in Fig. 1d) with normal state contact resistance

Ry < 100 €2 (Additional details regarding plasma parameters and their effects see Methods.)

In addition, we prepared FeTe,ssSeq 45 devices with a thick hexagonal Boron-Nitride
(hBN) that partially covers one edge and the surface (Fig. 2f), providing a control that allows
us to contact only the bulk as well as the sharp edges. To evaluate the Te/Se ratio, the exfo-
liated edges crystallinity, and the quality of the contacts and crystals for the devices utilized
in this work (see Methods in SI), we also performed Selected Area Electron Diffraction (inset
Fig. 1c), Scanning Transmission Electron Microscopy (Fig. S1), and X-ray Energy Dispersive

Spectroscopy (Fig. S2).

Non-Local Response

We now turn to this work’s key observation, the bias-independent conductance plateau observed

in T-FTS#1 (see Fig. 1g). This result is consistent with TSC edge states but distinct from previ-
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ous point-contact measurements showing zero-bias anomalies[48]] or the characteristic double-
peak structure of AR.[43] 47] In T-FTS#1, the plateau feature only appears within +0.4 mV,
which is inside Age (= 3 meV')[43] 47, 50], and has a far larger conductance enhancement
than in FeTe,4Seq ¢ or other superconductors[43, 47]. Consistent with detecting edge states’
non-local signal and the requirement of a continuous path of all edge modes connecting the
source and drain, the plateau becomes a ZBCP if even a single step occurs between the con-
tacts. Nonetheless, the plateau can be observed if the source and drain are connected to different
sides of the flake, so long as they are attached to one continuous edge (see the sharp edge in

Fig. 1c SAED and profile "Linel’).

Next, we test the plateau’s non-local origin, a key feature of the TSC edge states. The
differential conductance is probed by applying a current and measuring the resulting voltage
of the source with respect to the bulk superconductor via a third contact (G, = dl;;/dVn,
with 4, j the current and m, n the voltage leads). In the 3-terminal measurement (Fig. 2a-c),
there is no voltage drop in the bulk of Fe(Te,Se). As such, the drain’s location should not affect
G'ijmn,» Which typically results from the local AR process.[43], 47] In contrast, the non-local
Gjmn from edge states should be very sensitive to the drain location, as it involves coupling

the source and drain through the edge states (Fig. 1a).

To test this we measured G, in the double-edge-lead configuration (Fig. 2a), where
the current source (electrode#1) and drain (electrode#3) are strictly connected through the sharp
edge (Gpe|V.T] = Gi1312]V, T}, see Fig. 2f). Next, we evaluated the single-edge-lead config-
uration (Fig. 2b), where the source is still connected to the edge, but the drain only touches the
surface (Gsg = G412, Fig. 2f). This completely forbids non-local transport but still allows

local tunneling into the edge states. Lastly, we checked the surface-lead configuration (Fig. 2c)



where the source lead is only in contact with the flake surface (G gy, = G412 Or Gus 49, Fig.
2f). In the surface-lead configuration, we expect to only observe the standard AR process into

a superconductor.

Consistent with this hypothesis, upon switching from double-edge-lead to single-edge-
lead configuration (Fig. 2d), the conductance plateau (Gpg) becomes a zero-bias conductance
peak (ZBCP, G'sg). This drastic conductance change confirms that the transport process in
FeTe, ssSe 45 anomalously depends on the drain contact and, thus, its non-locality. Indeed, this
is consistent with suspending non-local transport through the edge states by moving the drain
to the bulk, forcing the injected electrons to leave the superconductor via Cooper pairs rather
than resonantly through the edge states. Thus, the ZBCP results from the local AR process at
the source contact. As discussed in previous works, the ZBCP is not entirely understood may
be explained by several mechanisms consistent with the hypothesis of locally probed TSC edge

states, such as Andreev edge states (AES)[110} (14} 42].

We also found that the non-local conductance plateau response was successfully detected
in several devices, e.g., T-FTS#2, even when source and drain contacts are separated by 5 um
(Fig. 2f) or on different sides of the flake. This displays the long-range coherence of the
edge states[16]], which extends orders of magnitude beyond the FeTe ssSe 45 superconducting
coherence length (¢ ~ 3 nm) [51]. Nonetheless, we found the plateau and ZBCP require
contacting the edge, as seen in measurements using the surface-lead configuration on the same
T-FTS#3 device (Fig. 2d,e). As expected, the corresponding G'g,, curves shown in Fig. 2e
exhibit the double-peak feature at +3 mV/, consistent with local AR into the Ag-[32] and
previous point-contact experiments on FeTe ssSe 45[43, 47]. This occurs despite the edge and

top contacts possessing similar Ry and proves that the plateau and ZBCP disappear when the



source only touches the bulk.

The controlled switching from a plateau, ZBCP, or normal AR G; ,,,,, spectra by changing
source-drain configuration in the same device (Fig. 2d,e) strongly points to the existence of edge
states and not experimental artifacts. Nonetheless, a fully quantitative description of the plateau
from C-TSC edge states exceeds the scope of previous single-mode models and requires further
theoretical treatment[ 13, 14, (16} 52]]. However, as shown in Fig. 2g, we found that the height of
the conductance plateau is approximately proportional to the thickness of FeTeg 55Se( 45. Such

thickness dependence is consistent with edge states with multiple channels (inset Fig. 2g).

Requirement for Topological States

To test if the observed non-local transport is of topological origin, we performed identical-
configuration experiments but on devices from Fe(Te,Se) with topologically trivial band struc-
ture, while its superconducting 7, and magnetism are still similar to FeTe,ssSeq45 (Fig. le
and Fig. S14 in SI). Specifically, we examined three devices with reduced Te-concentration
FeTe 4Se( ¢ (N-FTS#1-3) and another made trivial by excess Fe (Fe,.,,Te( 5s5€( 45)[33,136]. Con-
sistent with previous works,[43, 14/]] all devices made from these topologically trivial Fe(Te,Se)
exhibited a low temperature conductance far below the edge state and possessed a double-peak
feature in all contact configurations. A specific example is shown in Fig. 1h for the Gpp re-
sponse from N-FTS#1. In addition, the temperature and magnetic field dependence of G pr was
consistent with local AR (See Fig. S4 in SI). This strongly suggests that observing the plateau

requires a topologically non-trivial band structure.

To further ensure the topological nature, we tested the robustness of the non-local trans-

port response by determining the reproducibility of the conductance plateau. Fig. 2d shows
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the conductance plateau only in the double-edge-lead measurement on different FeTe s5Se 45
flakes (T-FTS#2-#3, Fig. 2f). Nearly identical non-local conductance plateaus have been ob-
served from over ten FeTe ssSe 45 devices (Fig. S7), including one with Al rather than Cr/Au
leads (Fig. S8A). Additionally, similar results were obtained from experiments using various
excitation schemes (AC+DC and purely DC) in multiple laboratories (See Differential Conduc-

tance Measurements section in SI).

We also note the non-locality of the response is incompatible with other possible origins
for the plateau and ZBCP features (e.g., the Klein-paradox effect from Dirac surface states[S3]
or non-spectroscopic effects, including Joule heating[l54]). Nonetheless, we further excluded
these via additional experiments that confirmed the observed signals were truly spectroscopic.
Specifically, additional 2-terminal measurements revealed similar G; ;;(V,T') (Fig. SOF), while
4-terminal measurements always reveal a zero resistance state (Fig. S6E). In addition, we found
the critical current in Fe(Te,Se) devices to be well above the bias current applied in this work
(Fig. S6D). Lastly, as discussed below, the temperature and magnetic field dependence of the

plateau signal is at odds with these other possible origins.

Temperature Evolution and Magnetic Order

To ensure the plateau signal results from edge state-mediated non-local transport, we must
confirm the topological protection. To this end, we compared the temperature evolution in
all three cases: plateau (Gpg), ZBCP (Gsg), and normal AR (Gg,,-). Specifically, in normal
point contact measurements, the local AR process is sensitive to scattering and Fermi smearing.
Thus, Gsg or G, will be smoothly smeared and suppressed until 7,.[43], 47]. However, for

a conductance plateau from non-local transport through edge states, the response is protected
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from thermal smearing unless magnetic or superconducting orders are suppressed[30, 41].

Starting with the temperature evolution of Gpg, as shown in Fig. 3a & 3d, the plateau
response can be divided into three regimes (see the white dashed lines). The differential con-
ductance is temperature-independent in the first regime (7' < 5 K). Then, the plateau narrows
after entering the second regime (5 ' < T' < 10 K), and finally in the third regime (7' > 10 K),
the zero-bias conductance G(0,T') rapidly diminishes and fully vanishes before reaching 7. =
14.2 K. Meanwhile, in the Blonder-Tinkham-Klapwijk (BTK) model that describes local AR
[43,147] (see simulated results in the Supplementary Information - Fig. S3), if the plateau results
from perfect AR with an energy scale (A ~ 0.4 meV)[53]], it would suffer thermal smearing
even in the first regime. In contrast, despite the larger energy scale (=~ 3 meV), Gy (V,T)
(Fig. 3b) is immediately thermally smeared with increasing temperature and fades out at 7, in

good agreement with previous experiments and the BTK model[43, 47]].

To understand the non-BTK temperature dependence of the plateau signal, it is useful to
consider that the existence of the C-TSC edge states depends on the presence of the magnetic
order. Thus, we performed SMOKE measurements to study the magnetization in our Fe(Te,Se)
flakes and devices as the polar-Kerr signal (6 ) is proportional to the perpendicular component
of the magnetization M [55]. As displayed in Fig. 3c, we found that 6 is identical regardless
of the training field’s magnitude, which rules out its origin from pinned vortices. Furthermore,
the transition temperature was universal on numerous flakes under different conditions: as ex-
foliated, in devices, and with various thicknesses and protective layers (Fig. S10). Here, we
observed two key temperatures for the magnetic order: its onset at 7., = 10K and rapid rise

in the Kerr signal below T}

kerr

= 5 K. These temperature scales agree well with the temperature

evolution of the plateau spectra (Fig. 3a & 3d).
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To further understand the correlation between magnetization and the transport signal, we
compare the temperature dependence of 0 with the normalized G(0,7") curves for the three
cases explored in this work. As displayed in Fig. 3d, we found that the plateau and ZBCP
are suppressed at 10 K, which is T}, rather than 7. Moreover, Gpg(0,T) (plateau) displays
the same three regimes as seen by SMOKE (Fig. 3d). Such a strong correlation between
SMOKE and the non-local transport signals supports the realization of TRSB-induced C-TSC
state with corresponding edge states in Fe(Te,Se)[29, 30]. Nonetheless, we expect the edge
states’ bandwidth to be determined by the magnetization, not just the superconducting gap (as
in normal AR). To test this hypothesis, as seen in Fig. 3e we compared the voltage width of the
conductance plateau (extracted from Fig. 3a) to #x. These have a striking correspondence: as
the temperature increases to T, = 5 K (regime one), 0k o< M rapidly decreases consistent
with re-orientation of the magnetic easy-axis (see Supplementary), while the plateau spectra

remain constant. Upon entering regime two (1., < T" < Tke,r), where the rate of change

of Ok oc M, is reduced, the plateau signal and width correspondingly shrink. Finally, in
regime three, upon approaching Tk, = 10 K, Gpg, Gsg and 0 disappear, well below the

To~ 142 K.

External Magnetic Field

As a final check, we applied an external magnetic field at 1.5 K. As explained later, this should
not affect the non-local conductance signal from C-TSC modes as long as the magnetic and
superconducting orders are preserved. As shown in Fig. 4a, the conductance plateau is com-
pletely unaffected by external magnetic fields up to 8 T, applied along all three crystallographic
directions. This is consistent with non-local transport through edge states as the applied fields

are much smaller than the upper critical field (H., ~ 40 — 80 7" [51]]) and will not change the
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magnetic order (Fig. 3c). Nonetheless this response is in stark contrast to that expected from
Andreev bound states or topological helical modes in a time-reversal-symmetric system, where
the magnetic field immediately lifts the degeneracy or topological protection. In addition, for
local AR processes, the spectra will be modified by magnetic fields applied out of the plane
(B1), which generate vortices or screening currents along the edges of the device (Doppler

shift).[56) 157

To this end, we measured the local AR in our devices by focusing on the magnetic field
dependence of Gsr and Gg,,. As expected from the Doppler shift to local tunneling into
edge modes, we observe the ZBCP is quickly suppressed and broadened by B, (see Fig. 4b).
In contrast, we find an in-plane magnetic (B))) field only mildly affected the ZBCP (Fig. 4b
bottom panel and its inset), consistent with B generating small screening currents due to slight
misalignment[56,57]. Lastly, as shown in Fig. 4c, Gs,,, reveals a magnetic-field-induced signal
reduction within the superconducting gap’s voltage scale (= 3 mV’), consistent with normal
local AR. Thus, the topological protection and non-locality of the plateau in G'pg is further

confirmed by its distinct response to magnetic fields from that of the local probes (i.e., Gsg and

GSur)-

Discussion and Outlook

Our results provide the first unambiguous, long-sought evidence of C-TSC edge states in FeTe 555€g 45
via the measurement of non-local transport mediated by chiral edge states. The non-locality is
confirmed by employing varying contact configurations; namely, the signal switches from a
plateau to a zero-bias peak upon moving from the double-edge-lead to single-edge-lead config-

uration. This dependence on the source and drain location is consistent with the switch from

14



non-local to local tunneling into a C-TSC edge mode,[10, 42] while placing the source on the
surface produces the typical AR conductance signal. The plateau signal’s reproducibility across
devices and laboratories, its observation when source and drain are separated by more than 103
times the superconducting coherence length, and its resistance to thermal smearing or external
magnetic fields confirm the non-local, coherent, and topologically protected nature of the chiral
edge modes in FeTe s5Se( 45. In addition, the close correspondence of the plateau’s temperature
dependence with the TRSB signal and the requirement for a topologically non-trivial normal

state point to its origin being from a C-TSC state.

Taken together, our results prove the existence of TSC edge states by revealing their non-
local and topologically-protected nature. Nonetheless, further theoretical and experimental ef-
forts are needed to establish the specific superconducting state (i.e., Weyl, p-wave) responsible
for the chiral edge states in this single-material platform. Specifically, although most responses
are in good agreement with theoretical works describing the non-local transport through C-TSC
edge states[14} [15, [16], such as a resonant co-tunneling or crossed-Andreev process[14], to
directly compare with the experiments the current theoretical models must be extended to mul-
tiple edge-states or 3D C-TSC systems. Furthermore, to account for the large edge conductance,
one might need to consider the multi-band superconductivity of Fe(Te,Se) that could produce a
topological superconducting state with a Chern number larger than 1 [S8]. Further clarity is also
needed on the role of strong correlations in generating the unique magnetic, superconducting,
and topological states of FeTe 55Se 45.[59] Alternatively, it will be highly desirable to employ
quantum point contacts to measure TSC edge modes’ non-Abelian statistics. Beyond the fun-
damental interest in this new regime, it will be crucial for Majorana circuits, where magnetic

domains are used to manipulate the edge states.
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Fig. 1. Non-local charge transport mediated by TSC edge states. a, Magnetic order in
a topological superconductor. When TRS is broken in the bulk of superconductor with topo-
logical band structures, the spontaneous fields emerge in the bulk and producing C-TSC with
propagating edge modes along the side surface. Here, the gapless edge modes can mediate
long-range non-local transport. b, The self-hermitian property of TSC edge modes prevents
normal reflections. ¢, AFM and TEM electron diffraction pattern confirm that edges are sharp
and cleaved along crystalline directions [100] or [010]. The lines in the topography image
indicate the line profile locations. d, Cross-sectional ADF-STEM images of an FeTe ssSe( 45
device. The top-surface part of the electrode is floated by remaining oxidized layer, which
promise a primarily edge contact. e, The temperature dependence of the 4-terminal resistance
of trivial-phase FeTe 4Se, ¢ and topological-phase FeTe 55Se 45 devices, normalized by the re-

sistance at 23 K. f, SMOKE measurements during zero-magnetic-field warming on an Fe(Te,
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Se) flake after cooling in +0.01 T (circles) and —0.01 T (triangles) training fields. Different
colors represent measurements at various locations. Inset: photo of the Fe(Te,Se) flake, with
measurement locations marked with “+”. g, Differential conductance (G213 or Gpg) versus
bias-voltage measurements taken at 1.4 K on a topological FeTeg 55Se( 45 device (T-FTS#1).
Inset: the device image, arrows indicate the source/drain contacts and current direction. h, Dif-
ferential conductance measured in the same configuration as g, but on trivial-phase FeTe 4Se ¢

(N-FTS#1). Inset: the device image.
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Fig. 2. Configuration dependent conductance spectra in Topological Fe(Te,Se). a-c,
Schematics of the lead locations in the double-edge-lead (G'pg), single-edge-lead (Gsg), and
surface -lead (G g,,-) configurations. d, Corresponding G-V curves in devices T-FTS#2 and #3
probed in single-edge and double-edge-lead configurations at 1.4 K and under zero magnetic
field. e, G-V curves in device T-FTS#3 probed in the surface-lead configuration, exhibiting
spectra typical for normal AR[43]/47]. f, Images and lead number of T-FTS#2 and #3, where
flakes are partly covered by an h-BN film (cyan) to allow purely surface contact. g, The mag-
nitude of G'pp at zero-bias voltage and base temperature versus the thickness of flakes in the
double-edge-lead configuration. Inset: Schematic diagram illustrates that the flake thickness

affects the number of channels allowing charge transport through the edge states.
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Fig. 3. Temperature evolution. a, False-colour map of the Gpp temperature evolution vs V
spectra for the non-local conductance plateau. Three regimes are observed: G pg is temperature
independent for 7' < 5K, the plateau width slowly shrinks for 5K < 7' < 10K, and the
remaining features diminish rapidly above 10 K. b, False-colour map of the G g, temperature
evolution vs V spectra, consistent with local AR process. ¢, The 6, curve for a FeTe 555¢( 45
device, warmed in zero applied field using various training fields. A magnetic-order signal
emerges below T, ~ 10 K , grows rapidly below 1%, = 5 K. Inset: reflection image. d,
The temperature evolution of the polar-Kerr 6, and normalized differential conductance at zero-
bias voltage [G(0,7")/G(0, 18 K)]. Here, Gpg and G g correspondingly show the temperature
evolution of the plateau and ZBCP cases in a 3-terminal configuration. (1243 is probed in

a 4-terminal configuration (as indicated in Fig. 2f) to extract the temperature dependence of
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bulk super-current and 7. e, Comparison of the temperature evolution of the polar-Kerr 6, and

plateau width from a,, both are measured on the same FeTe 55Se 45 flake.
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Fig. 4. Response to external magnetic field. a, Gz measurements taken with a magnetic
field applied along different directions of the FeTe, 55Se 45 flake at 1.4 K. Going from the upper
to lower panels, the direction of the applied magnetic field is aligned out-of-plane, in-plane per-
pendicular, and in-plane parallel to the current into the edge of the flake, respectively. A second
source on the edge perpendicular to the first provided the current parallel to the magnetic field.
All curves are normalized by the relatively high-bias value. b, G'sr measurements in an applied
magnetic field. Top panel: magnetic field is aligned out-of-plane. Inset: Field dependence of
the ZBCP height and full width at half maximum (FWHM). Bottom panel: magnetic field is

aligned in-plane. ¢, G5, measurements under the out-of-plane magnetic field. The suppression
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with an out-of-plane field in b, and ¢, is consistent with the local processes suppressed via the

Doppler[56] and vortex-state smearing effects[60]].
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