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Motivated by recent experiments that report the almost-generic large-conductance peaks without
very extensive fine-tuning, we propose an alternative mechanism through direct theoretical simu-
lations that can explain the large zero-bias conductance peaks being generated on-demand in the
nontopological regime in Majorana nanowires by satisfying the following three sufficient conditions:
(i) strong potential disorder in the bulk of the nanowire, suppressing the topological regime; (ii)
strong suppression of the disorder near the nanowire ends connecting to the tunneling leads, perhaps
because of screening by the metallic leads and gates; and (iii) low tunnel barrier strength leading to
large tunneling amplitude. The third condition is typically achieved experimentally by fine-tuning
the tunnel barrier and the first condition is generic in all existing nanowires by virtue of consider-
able sample disorder induced by unintentional random quenched charged impurities. The second
condition is likely to apply to many samples since the disorder potential would be typically screened
more strongly at the wire ends because of the large metallic tunnel pads used experimentally. We
show that the resultant tunneling conductance manifests large trivial zero-bias peaks almost on
demand, and such peaks could be ∼ 2e2/h, when appropriately fine-tuned by the tunnel barrier
strength and the temperature, as reported experimentally. Our work not only solves the mystery
in recent experiments that the observations of the large zero-bias conductance peaks are generic by
proposing a theoretically possible mechanism but also explains why these hypothesized conditions
are naturally satisfied in experiments.

I. INTRODUCTION

The search for topological Majorana zero modes
in nanowires with superconducting proximity effect is
among the most active research areas in physics [1–3].
The theoretical predictions made in 2010 are precise [4–
7]: Take a semiconductor (SM) nanowire, InAs or InSb,
with strong spin-orbit (SO) coupling with a nearby su-
perconductor (SC), Al or Nb, inducing proximity effect
in the nanowire; then apply a magnetic field along the
nanowire to create a Zeeman spin splitting; and for suit-
able theoretically defined values of spin splitting Vz, the
chemical potential µ, and the induced proximity SC gap
∆, the nanowire will develop topological SC provided
V 2
z > µ2 + ∆2, with Vzc = (µ2 + ∆2)1/2 being the topo-

logical quantum phase transition (TQPT) point where
the SC gap closes with the system transitioning from
a trivial SC to a topological SC. The topological SC
withVz > Vzc comes with a bulk gap that protects emer-
gent non-Abelian Majorana zero modes (MZMs) local-
ized at the wire ends. If the wire is long enough, so that
the two MZMs have little overlap, the system is expo-
nentially topologically protected with effectively isolated
anyonic MZMs, leading to the possibility of a limited
version of fault-tolerant topological quantum computing
using Ising anyons [8].

The standard scheme to identify MZMs has been tun-
neling spectroscopy [4, 9–12], where MZMs lead to zero-
bias conductance peaks (ZBCPs) of the quantized value
2e2/h at T = 0, although this strict quantization may
not apply at nonzero temperatures [13]. Early experi-
ments indicated the existence of ZBCPs with small val-
ues � 2e2/h, which were tentatively claimed to be ev-

idence for MZMs [14–18]. But the very small tunnel
conductance values of these ZBCPs (as well as the ex-
tremely soft nature of the induced SC gap) made the
situation inconclusive. In fact, it was clear that these
early nanowire samples all had considerable disorder-
induced subgap fermionic states, with the small ZBCPs
most likely associated with class D electron antilocaliza-
tion effects [19–22]. More recently, however, experiments
have reported large ZBCPs ∼ 2e2/h in hard-induced SC
gap situations [23–28], which have created considerable
excitement as the possible signatures for MZMs, but the
typical ZBCP is not stable (e.g., in magnetic field, gate
voltage, or tunnel barrier), and they often arise only
with considerable fine-tuning of postselected data. In
addition, the ZBCPs are never seen in simultaneous tun-
neling from both ends, which is a requirement for the
nonlocality of MZMs. In addition, the necessary Majo-
rana oscillations and the opening of a topological gap
are never observed either [29]. It now seems almost cer-
tain that these large-conductance ZBCPs are induced by
strong disorder in the nanowire and are associated with
disorder-induced nontopological subgap Andreev bound
states which are experimentally generated by fine-tuning
and cherry-picking of large data sets [30–39].

In the current work we show that in certain situations,
such large-conductance trivial ZBCPs may arise almost
on-demand in disordered nanowires under certain con-
ditions as has recently been reported in both InAs and
InSb nanowires [26, 28]. Our mechanism, which explains
the generic zero-bias conductance peaks in an experimen-
tally plausible way, was not addressed in previous stud-
ies [30, 33, 35] and was not even possible before because
the observations of the generic large zero-bias conduc-
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tance peaks have only been reported in recent experi-
ments [26, 28]. We establish that the requirements for
such on-demand large ZBCPs are simply that the strong
disorder be suppressed near the wire ends where the tun-
nel barrier/contact is located along with an ability to
adjust the tunnel barrier to rather low values to enhance
the conductance to the desired large magnitude. Since
the nanowire disorder is likely to be suppressed near
the wire ends by virtue of the metallic tunnel contact-
induced screening, we think that we have identified the
main physical mechanism leading to almost generic large
trivial conductance peaks in the tunneling experiments,
which are also likely to happen in experiments in a nat-
ural way without invoking too much fine-tuning. Such
on-demand large ZBCPs are, however, neither robust nor
stable, and their conductance would vary strongly with
tunnel barrier, magnetic field, temperature, and chemi-
cal potential. In addition, they would typically show up
only for tunneling from one end and not manifest any
Majorana oscillations. We have, therefore, solved the
mystery of why some recent experiments find numerous
large trivial ZBCPs in nanowire experiments [28].

II. THEORY

We use the minimal one-dimensional one-subband
nanowire model solving the Bogoliubov-de Gennes (BdG)
equation exactly in the presence of random disorder as
described in great detail in Ref. [30]. This minimal model
is known to work very well and reproduce the results of
numerically intensive realistic models essentially quan-
titatively [35, 39]. The realistic models involve many
unknown parameters since the disorder details in the ac-
tual complicated hybrid SM-SC platforms with gates and
tunneling leads are unknown, and therefore, the min-
imal model is more appropriate for general theoretical
considerations. We refer the reader for more details on
the theory to Appendix A as well as earlier publica-
tions [30, 35, 39]. The interesting aspect in the current
work is that the strength of the random disorder is much
higher in the bulk of the wire than near its ends. We
then solve the BdG equation exactly. Using these BdG
solutions and the KWANT scattering matrix theory [40],
we obtain the tunnel conductance as a function of several
relevant variables (e.g., temperature, disorder configura-
tions, tunnel barrier, Zeeman splitting, chemical poten-
tial, etc.). Unless otherwise stated, we choose the follow-
ing typical parameters [3]: the effective mass is 0.015 me,
with me being the rest electron mass, the spin-orbit cou-
pling strength is 0.5 eVÅ, the chemical potential in InSb
(normal lead) is 1 meV (25 meV), the parent SC gap is
0.2 meV, the SC-SM coupling strength is 0.2 meV, and
the wire length is 3 µm (except for Fig. 4, in which it is
1 µm). Once we obtain the bias-voltage-dependent tun-
nel conductance at zero temperature G(Vbias;T = 0), we
calculate the tunnel conductance at finite temperature T

as G(Vbias;T ) = −
∫ df(E−Vbias)

dE G(Vbias, T = 0)dE, where

f(E−Vbias;T ) is the Fermi-Dirac distribution at temper-
ature T [13].
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FIG. 1. Conductance spectra as a function of the Zeeman
field Vz and the bias voltage Vbias in a pristine wire for (a)
temperature T = 0 and barrier strength Vb = 5 meV; (b) T =
0 and Vb = 20 meV; (c) T = 116 mK and Vb = 5 meV; (d) T =
116 mK and Vb = 20 meV. Panels (e)-(h) show corresponding
line cuts of the topological ZBCPs at Vz = 1.31 meV [red
dashed lines in panels (a)-(d)] for different temperatures and
barrier strengths. Refer to Sec. II for the parameters and
Appendix B for the wave functions and the local density of
states.

III. RESULTS

In order to benchmark our results, we start with the
pristine wire to study the generic effects of the tunnel bar-
rier and the temperature on the conductance as shown
in Fig. 1. In Fig. 1(a), we present the conductance spec-
trum of a pristine wire with topological ZBCPs show-
ing beyond the TQPT point (Vzc = 1.02 meV) at zero
temperature and low barrier strength (Vb = 5 meV).
As we increase the barrier strength to Vb = 20 meV in
Fig. 1(b) while keeping zero temperature, we find that
the topological ZBCP becomes sharper, and Majorana
oscillations are more salient consequently. However, the
conductances of subgap intrinsic Andreev bound states
(ABS) [41] below the TQPT, showing the gap-closing
feature, become smaller in Fig. 1(b). Therefore, it indi-
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FIG. 2. Conductance spectra as a function of the Zeeman field Vz and the bias voltage Vbias in the presence of strong disorder
in the bulk and strong suppression of the disorder near the ends for (a) temperature T = 0 and barrier strength Vb = 5 meV;
(b) T = 0 and Vb = 20 meV; (c) T = 116 mK and Vb = 5 meV; (d) T = 116 mK and Vb = 20 meV. The ZBCPs here are in
the trivial regime. Panels (e)-(h) are corresponding conductance spectra measured from the other (right) end. The standard
deviation of Gaussian disorder is σµ = 3 meV in the bulk region and 0.5 meV near the ends (∼ 0.1 µm). Refer to Sec. II for
other parameters and Appendix B for the wave functions, the local density of states, and the disorder spatial profile.

cates that the barrier strength does not affect the peak
value of topological ZBCPs at zero temperature: it only
lowers the conductance peaks of nontopological states.
This is also directly manifested in Fig. 1(e), where we
plot the line cuts of topological ZBCPs at a fixed Zee-
man field [Vz = 1.31 meV indicated by the red dashed
line in Fig. 1(a)] for different tunnel barrier strengths
varying from 5 to 20 meV, and we find that the peaks
always stick to the quantized conductance of 2e2/h at
zero temperature.

The finite temperature always suppresses the topolog-
ical ZBCPs below the quantized conductance of 2e2/h,
particularly when T is larger than the tunneling energy.
For instance, in Fig. 1(f), where we increase the temper-
ature to T = 116 mK, topological ZBCPs are no longer
quantized, and they decrease as we increase the tunnel
barrier strength. We show a comparison between T = 0
in Fig. 1(a) and finite T in Fig. 1(c) to emphasize as a
benchmark that the topological conductance spectrum is
weakened and broadened everywhere by finite temper-
atures. Thus, all peaks manifest larger linewidths and
lower peak values; therefore, the details of subgap states
become indiscernible. In Fig. 1(d), we study the joint
effect of the finite barrier strength and the finite tem-
perature, and we find that they suppress all tunneling
signals in the conductance spectrum, leaving very faint
topological ZBCPs and a nearly zero conductance back-
ground. We also show the line cuts of conductances in
Fig. 1(g) to visualize the thermal broadening effect as the
temperature increases. From T = 0 (red line) to T = 12
mK (green line), the two lines overlap, which means the
conductance peak does not change too much near zero
temperature (i.e., T below tunneling energy). However,
as the temperature increases above the tunneling energy

to T = 116 mK (yellow line), the conductance peak of
the topological ZBCP drops to ∼ 1.5e2/h. For the large
barrier strength, we present Fig. 1(h) and find that the
conductance peak drops even more quickly compared to
the low barrier strength in Fig. 1(g), because the tunnel-
ing energy is now exponentially lower than T . Note that
a finite temperature of T = 116 mK (10 µeV), which is
less than 10% of the induced SC gap (∼ 0.12 meV), can
make the conductance peak drop by a large factor of 75%
[Fig. 1(h)] from the original quantized value of 2e2/h.
This implies that it is unlikely to observe the quantized
value of 2e2/h in experiments even if one manages to
measure the conductance of the real topological ZBCP
due to the thermal broadening.

After establishing the benchmark of the finite barrier
strength and the temperature in the pristine wire, we in-
troduce our protocol that generates the on-demand large
trivial ZBCP in disordered nanowires. The prerequisites
are a strong bulk potential disorder and a suppression
of the disorder near the nanowire ends. This particu-
lar configuration of disorder effectively creates quantum
dots near the ends and thus can make the fermionic
ABSs localized near the ends, which will then appear
as large trivial ZBCPs. We present a representative ex-
ample in Fig. 2(a), which shows a trivial ZBCP with a
large conductance of 3e2/h. Because the trivial ZBCP
is not invariant under the variations in barrier strength,
we can manipulate the conductance peak on demand by
adjusting the barrier strength as well as the temperature.
In Figs. 2(b)-2(d), we change the conductance of trivial
ZBCPs from 2.5e2/h [Fig. 2(c)] to 0.5e2/h [Fig. 2(d)]
as we tune the barrier strength and the temperature
within the same disorder realization. In Figs. 2(e)-2(h),
we present conductances measured from the other end



4

0

2

4
G

(e
2
/
h

)
Vz=0.52 meV T=0(a) Vz=0.52 meV T=116 mK(b)

Vb (meV)
5
10
15
20

0

2

4

G
(e

2
/
h

)

Vz=0.52 meV Vb=5 meV(c) Vz=0.52 meV Vb=20 meV(d)

T (mK)
0
12
58
116

0

2

4

G
(e

2
/
h

)

Vz=0.65 meV T=0(e) Vz=0.65 meV T=116 mK(f)

Vb (meV)
5
10
15
20

−0.2 0.0 0.2

Vbias (mV)

0

2

4

G
(e

2
/
h

)

Vz=0.65 meV Vb=5 meV(g)

−0.2 0.0 0.2

Vbias (mV)

Vz=0.65 meV Vb=20 meV(h)

T (mK)
0
12
58
116

FIG. 3. Line cuts of the trivial ZBCPs at a fixed Zeeman field
for different temperatures and barrier strengths. Panels (a)-
(d) show the line cuts at Vz = 0.52 meV [red dashed lines in
Figs. 2(a)-2(d)]. Panels (e)-(h) show the line cuts at Vz = 0.65
meV [red dotted lines in Figs. 2(a)-2(d)].

(right) corresponding to Figs. 2(a)-2(d), where there are
no signatures of zero-bias peaks (see the wave functions
and the local density of states in Fig. 5). Due to the triv-
ial origin of these ZBCPs, the conductances from both
ends lack the nonlocal correlation, resembling the exper-
imentally observed ZBCPs.

In addition to the false-color plots of conductances,
we also provide the line cuts at a fixed Zeeman field
[Vz = 0.52 meV indicated by red dashed lines in Fig. 2]
in Figs. 3(a)-3(d). In Fig. 3(a), we notice that the shape
of the ZBCP can be tuned into a zero-bias conductance
dip (ZBCD) when we increase the barrier strength. Here,
the ZBCD is essentially two symmetric side peaks close
to each other, which arise from a pair of low-lying trivial
ABSs. Therefore, they only appear if the barrier strength
is sufficiently high because a high barrier strength sup-
presses the background conductance between the two side
peaks. We show in Fig. 3(c) that a small barrier strength
fails to manifest a transformation from the ZBCP to the
ZBCD. Thus, the transmutation between the ZBCP and
the ZBCD, as well as their conductance magnitudes, is
easily experimentally tuned by the tunnel barrier [28].

Besides the high tunnel barrier strength, the existence
of the ZBCD also needs a low temperature. In Fig. 3(b),
we increase the temperature from zero to T = 116 mK,
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FIG. 4. Conductance spectra as a function of the Zeeman field
Vz and the bias voltage Vbias in a short wire (L = 1 µm) in the
presence of strong disorder in the bulk and strong suppression
of the disorder near the ends for (a) temperature T = 0 and
barrier strength Vb = 5 meV; (b) T = 0 and Vb = 20 meV;
(c) T = 116 mK and Vb = 5 meV; (d) T = 116 mK and
Vb = 20 meV. Panels (e)-(h) show corresponding line cuts
of the trivial ZBCPs at Vz = 0.31 meV [red dashed lines in
panels (a)-(d)] for different temperatures and barrier heights.
The standard deviation of Gaussian disorder is σµ = 3 meV
in the bulk region and 0.1 meV near the ends (∼ 0.1 µm).
Refer to Sec. II for other parameters and Appendix B for the
wave functions, the local density of states, and the disorder
spatial profile.

finding that all ZBCDs in Fig. 3(a) now become ZBCPs.
This is because of larger thermal broadening, which could
combine two side peaks into one ZBCP, as manifested
in Fig. 3(d). In Fig. 3(d), the ZBCD gradually disap-
pears as the two side peaks merge into one zero-bias
peak when the temperature increases, resembling the ex-
perimentally observed ZBCDs in Ref. 28. Thus, ZBCDs
disappear with increasing temperature and/or decreas-
ing tunnel barrier, showing that they represent unstable
trivial features.

In addition, the ZBCD, being a fine-tuned feature, is
unstable to the applied field. In Fig. 3(e), we slightly
change the Zeeman field to Vz = 0.65 meV (red dotted
lines in Fig. 2), and find that all ZBCDs disappear in
comparison with Fig. 3(a). At this Zeeman field, the
ZBCD cannot exist regardless of the barrier strength and
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the temperature as shown in Figs. 3(e)-3(h).

Although all conductances above from Fig. 1 to Fig. 3
are obtained in a wire of 3 µm, our protocol also works
for the short wire, which is closer to the experimental
situation. To show this, we consider a shorter wire of 1
µm in Fig. 4 with strong potential disorder in the bulk
region and suppression of the potential disorder near
the nanowire ends. The conductance spectra shown in
Fig. 4 are measured at the right end in the presence of a
specific disorder profile [shown in Fig. 5(i)] because the
left end does not manifest large conductance of zero-bias
peaks. In Fig. 4(a), we generate the trivial ZBCP with
on-demand large conductance with a low tunnel barrier.
By increasing the barrier strength and the temperature,
we find that the trivial ZBCPs vary drastically as shown
in Figs. 4(b)-4(d). From the line cuts of trivial ZBCPs
in Figs. 4(e)-4(h), we see that the zero-bias conductance
declines from 3.5e2/h [blue line in Fig. 4(e)] to e2/h [yel-
low line in Fig. 4(h)] when the barrier strength increases
from 5 to 20 meV and the temperature increases from
zero to T = 116 mK. All these results manifest the ef-
ficacy of our protocol in creating the on-demand trivial
ZBCP with large conductance.

IV. CONCLUSION

We show in this work that there are experimentally
relevant physical situations where large zero-bias peaks
in the tunneling spectra may be somewhat abundantly
present in spite of being entirely trivial in origin. Such
peaks can be made to coincide with the quantized con-
ductance 2e2/h simply by adjusting the tunnel barrier
strength (or alternatively perhaps the temperature at a
fixed tunnel barrier). One may even see in some situ-
ations transitions in the trivial regions between large-
conductance peaks and large-conductance dips in the
tunnel spectra [28]. Our results show that such trivial
tunnel spectra arise from strong disorder in the bulk mod-

ulated by the weakening of the disorder at the wire ends
(making the ends behave like they are quantum dots),
which is not only theoretically possible but also experi-
mentally plausible because the large disorder induced by
the bulk region is always generic and inevitable and weak
disorder is suppressed by the screening of the metallic
gate.

Although our theory is not guaranteed to be the unique
mechanism that can happen in realistic experiments be-
cause we simply cannot rule out other possibilities, we
show that such a simple yet experimentally plausible hy-
pothesis can lead to the theoretically simulated generic
ZBCPs on demand. Therefore, the nutshell of the current
work is that on-demand trivial ZBCPs may arise with-
out fine-tuning under certain experiment conditions, and
we propose a very likely mechanism that the screening-
induced appearance of artificial quantum dots at the ends
of the wire plays a substantial role in creating large-
conductance peaks on demand which do not manifest
much robustness.

Therefore, experimentalists should be skeptical of any
zero-bias peaks not robust to the tunnel barrier, the mag-
netic field, and the chemical potential (i.e., gate voltage).
In addition, the manifestation of a gap opening and the
occurrence of peaks in tunneling from both ends are the
minimal requirements for the existence of Majorana zero
modes. In fact, any topological Majorana mode is un-
likely to manifest 2e2/h quantization because in most
situations finite temperature should suppress the peak
value— what is important is not the peak conductance,
but the robust stability of the conductance feature to ex-
perimental tuning parameters and the occurrence of the
feature for tunneling from both ends. Obtaining “quanti-
zation” by fine-tuning the tunnel barrier is perhaps bet-
ter avoided in the search for topological Majorana zero
modes. What is necessary are simultaneous ZBCPs from
both ends which are stable to parameter variations inde-
pendent of the actual conductance values.

This work is supported by the Laboratory for Physical
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Appendix A: Theory of the
superconductor-semiconductor nanowire

In this section, we briefly introduce the nu-
merical details of the superconductor-semiconductor
nanowire used in the main text to calculate the
tunnel conductance. The Hamiltonian for a single
subband one-dimensional model with a length of L
in the Bogoliubov de-Gennes Hamiltonian is Ĥ =
1
2

∫ L
0
dxΨ̂†(x)HBdG(x)Ψ̂(x), where the Nambu basis

Ψ̂(x) =
(
ψ̂↑(x), ψ̂↓(x), ψ̂↓(x)†,−ψ̂↑(x)†

)ᵀ
, and

HBdG(x) =

(
−~2∂2x

2m∗
− iα∂xσy − µ

)
τz + Vzσx − γ

ω + ∆0τx√
∆2

0 − ω2
+ Vdis(x)τz. (A1)

Here, the first term describes the pristine semiconductor,
where α is the Rashba-type spin-orbit coupling, m∗ is the
effective mass for the conduction band, µ is the constant
chemical potential relative to the band bottom, and ~σ (~τ)
are the Pauli matrices acting on the spin (particle-hole)
space. The second term describes the Zeeman field. The
third term represents the self-energy of the superconduc-
tor which induces the proximitized superconductivity to
the semiconductor, where ∆0 is the parent superconduc-
tivity and γ is the superconductor-semiconductor cou-
pling strength. The last term describes the potential in-
duced by random disorder, where we manually set the
disorder magnitude very large in the bulk of nanowire
while weak near two edges due to the screening by the
metallic gates (Vdis is zero for the pristine wire).

To calculate the tunnel conductance of the nanowire,
we follow the Blonder-Tinkham-Kalpwijk formalism [42]
and attach the normal lead to the end of the
nanowire [13]. The Hamiltonian for the normal lead is
the same as the Hamiltonian for the pristine semicon-
ductor in the presence of the Zeeman field [i.e., the first
plus the second term in Eq. (A1)] with the only differ-
ence being in the chemical potential µ since the Fermi
energy in the normal metal is much higher than that in
the semiconductor, where we choose µLead = 25 meV
as opposed to µSM = 1 meV in the nanowire. At the
interface between the normal metal and the nanowire,
we model the tunnel barrier in the form of a Dirac δ
function, which corresponds to the tunnel gate voltage
in experiments. Namely, an additional term Vbδ(x) is
added to Eq. (A1) at the normal metal-superconductor
junction. Here, the barrier height Vb inversely character-
izes the tunnel coupling strength: a high (low) Vb cor-
responds to a low (high) coupling strength and so does
for the tunnel transparency between the normal lead and
the nanowire. In our simulation, we vary Vb from 5 to
20 meV to change from a high-transparency limit to a

low-transparency limit.

Appendix B: Local density of states and wave
functions in nanowire

In this section, we calculate the local density of states
(LDOS) and wave functions in the nanowire for three
aforementioned cases (the pristine wire in the first col-
umn, the long disordered wire in the second column, and
the short disordered wire in the third column) to explic-
itly show that the Andreev bound states are localized in
the effective quantum dots at the wire ends due to the
screening of metallic leads, which leads to the possibility
of the large-conductance of zero-bias peaks under small
tunnel barriers (large tunnel amplitude).

The wave functions shown in the first row of Fig. 5
are obtained by decomposing the wave functions in the
Nambu basis Ψ̂(x) to the Majorana basis, namely,

φ1,En
(x) =

1√
2

(
Ψ̂En

(x) + Ψ̂−En
(x)
)
, (B1)

φ2,En(x) =
i√
2

(
Ψ̂En(x)− Ψ̂−En(x)

)
. (B2)

Here, φ1,2 are two wave functions in the basis of two
Majorana operators γ1,2 (c† = γ1− iγ2), and En denotes
the energy of the nth state, where we choose the lowest
state to plot the wave functions.

The LDOS shown in the second row of Fig. 5 is defined
as

LDOS(ω, xi) = − 1

π
Im [trσ,τ G(ω,HBdG)]i,i , (B3)

where G(ω,HBdG) = (ω + δ0 −HBdG)
−1

is the Green’s
function of HBdG at the energy ω, and δ0 is small for the
inverse of lifetime; Im(. . . ) takes the imaginary part; and
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http://iopscience.iop.org/article/10.1088/1367-2630/16/6/063065/meta
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FIG. 5. (a)-(c) The wave functions in the Majorana basis at a specific Vz for the pristine wire, the long disordered wire,
and the short disordered wire following Figs. 1-4, respectively. (d)-(f) The corresponding LDOS at zero energy. (g)-(i) The
corresponding disorder spatial profiles. The red dashed lines indicate the wire edges where the disorder is suppressed due to
the screening of metallic leads.

trσ,τ (. . . ) denotes the partial trace over the spin space (σ)
and the particle-hole space (τ). We take the ith entry of
the diagonal term to obtain the LDOS at the position xi.
In Figs. 5(d)-(f), we show the LDOS along the wire at a
specific Zeeman field and zero energy (ω = 0) .

In Fig. 5, the first column corresponds to the pristine
nanowire (Fig. 1), the second column corresponds to the
long disordered nanowire (Figs. 2 and 3), and the third
column corresponds to the short disordered nanowire
(Fig. 4). In the pristine case without any disorder, the

ZBCPs are created by a pair of topological MZMs local-
ized at both ends. However, in the long disordered wire,
the two ends of the wire manifest much smaller disorder
than the bulk region, which serves as effective quantum
dots [denoted by the red dashed lines in Figs. 5(h) and
5(i)]. The two Majorana modes are both localized at
the left end of the wire, which indicates trivial Andreev
bound states that manifest the large conductance zero-
bias peaks in Fig. 2. Similarly, the short wire also traps a
pair of Majorana at the right end, which leads to a large
conductance zero-bias peak.
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