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Topological-mass control of an emergent Kondo scale in an interacting Su-Schrieffer-Heeger chain
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Topological bound states emerging at domain walls of dimerized chains provide a robust platform for
exploring correlation effects beyond single-particle physics. When such a soliton state is coupled to a metallic
substrate, local Coulomb interactions can give rise to Kondo screening. Here, we demonstrate analytically and
numerically that, in an interacting Su-Schrieffer-Heeger chain, the Kondo temperature is directly controlled by
the topological mass that governs the bulk gap. Near the topological transition, the Kondo scale collapses linearly
with the mass parameter while retaining its exponential sensitivity to hybridization. This establishes a minimal
mechanism by which a bulk topological parameter quantitatively determines an emergent many-body energy
scale. Our results clarify the strong configuration dependence of soliton-induced Kondo signatures observed in
graphene nanoribbon systems on Au(111) and provide experimentally testable predictions for scanning tunneling
spectroscopy.
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I. INTRODUCTION

A central question in condensed matter physics is whether
topology can directly regulate many-body energy scales.
While topological electronic states localized at defects
and boundaries provide robust platforms for novel quan-
tum phenomena [1,2], their influence on correlation-driven
screening processes remains largely unexplored. In one-
dimensional systems, dimerized molecular chains realizing
the Su-Schrieffer-Heeger (SSH) model host midgap soliton
states at domain walls separating distinct topological phases.
These localized states offer a natural setting to investigate how
topological mass terms may control many-body screening
phenomena.

Recent advances in scanning tunneling microscopy (STM)
have enabled the observation of such topological states
in molecular chains on metallic substrates like Au(111).
Thanks to these advances, experiments have successfully
demonstrated the engineering of topological phases and the
observation of localized soliton states in graphene nanorib-
bons [3,4]. While these studies establish the existence of
robust topological midgap states, the interplay between such
localized orbitals and many-body correlations—specifically
the emergence and energy scale of Kondo screening—remains
to be fully explored. A particularly intriguing frontier is the
intersection of topology and strong correlations [5], namely,
whether a localized spin-1/2 moment formed in a soliton state
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can be screened by the substrate’s conduction electrons and
how the associated Kondo temperature is governed by the
underlying topological structure [6,7]. While the theoretical
possibility of Kondo screening in SSH-type systems has been
discussed in the recent literature [8], several critical issues
regarding experimental realization remain unresolved. One of
the key challenges is the role of Coulomb repulsion: Without
sufficient on-site interaction, double occupancy is not sup-
pressed and a stable local moment cannot form. A recent
report on the Class-II OInIn isomer suggests that both an SSH-
like band structure and strong Coulomb repulsion may coexist
in a realistic system [9], providing a promising platform to
investigate topology-controlled many-body screening.

One of the most significant challenges is the observed
heterogeneity in experimental signatures. Even in atomically
precise zigzag graphene nanoribbons, the observed topolog-
ical signatures can be sensitive to the local environment and
structural defects [10]. This inherent heterogeneity in experi-
mental spectra suggests that the many-body physics, such as
the Kondo effect, may emerge selectively depending on the
local coupling to the substrate. Indeed, even within the same
molecular chain, Kondo resonances often appear clearly at
some sites while being entirely absent at others [11]. Such
environmental sensitivity has been classically demonstrated
in molecular systems like cobalt phthalocyanine on Au(111),
where the Kondo effect can be “switched” or dramatically
tuned by modifying the chemical bonding with the substrate
[12]. While this highlights the critical role of adsorption ge-
ometry for magnetic ions, it remains an open question how
this sensitivity manifests in states inherently protected by
band topology. While previous studies have focused on the
universal aspects of the topological Kondo effect, a systematic
understanding of this experimental variability remains elu-
sive. Furthermore, a direct analytical link between the spatial
properties of the topological wave function and the resulting
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spectroscopic line shapes is needed to reliably identify the
Kondo origin of zero-bias anomalies.

In this paper, we demonstrate that topology can directly
control a many-body energy scale by investigating Kondo
screening at domain-wall solitons on metallic substrates like
Au(111). Starting from the SSH-Hubbard framework, we an-
alytically derive an effective Anderson impurity model that
captures both the renormalized interaction and hybridization
parameters of the soliton state. We show that the Kondo
temperature TK is governed by the topological dimerization
parameter and vanishes linearly at the topological transition,
establishing a direct proportionality between topological mass
and many-body screening scale. In addition, TK remains ex-
ponentially sensitive to the hybridization strength �, which
depends strongly on adsorption geometry. This is consis-
tent with the high sensitivity observed in experiments [13].
This combined topological and geometrical control naturally
explains the order-of-magnitude variations in TK observed
experimentally. Finally, we provide quantitative predictions
for scanning tunneling spectroscopy (STS), including Fano
interference and its temperature evolution.

The paper is organized as follows. In Sec. II, we introduce
the SSH-Hubbard model for the Class-II oligo(indenoindene)
chain and discuss the effective Coulomb interaction Ueff

renormalized by the metallic substrate. Section III describes
the mapping of the localized soliton state onto an effec-
tive Anderson impurity model to investigate the many-body
physics. In Sec. IV, we analyze the exponential sensitivity
of the Kondo temperature TK to the adsorption geometry
and the resulting heterogeneity in experimental observa-
tions. Section V provides theoretical predictions for scanning
tunneling spectroscopy, incorporating the Fano interference
between the soliton resonance and the Au(111) continuum. Fi-
nally, we summarize our findings and discuss future outlooks
in Sec. VI.

II. MODEL: DIMERIZED CHAIN AND SOLITON ORBITAL

We consider a one-dimensional dimerized chain described
by a tight-binding Hamiltonian of SSH type, which describes
the Class-II OInIn isomers in Ref. [9] depicted in Fig. 1,

HSSH =
N∑

n=1

∑
σ=↑,↓

[t1c†
n,A,σ cn,B,σ + t2c†

n,B,σ cn+1,A,σ + H.c.],

(1)

where cn,A,σ (c†
n,A,σ ) and cn,B,σ (c†

n,B,σ ), respectively, rep-
resent the annihilation (creation) operator of an electron
with spin σ at the A sublattice of unit cell n and the B
sublattice of unit cell n. Here, t1 and t2 denote alternat-
ing hopping amplitudes, and the total number of sites is
set to be 2N . The chain supports two topologically distinct
dimerization patterns. A domain wall between them gen-
erates a soliton-bound state localized near the topological
defect.

At the noninteracting level, the soliton state produces a
midgap resonance whose wave function decays exponentially
away from the domain wall. In Fig. 1, we show the domain
wall structure, energy spectrum, and localized modes. The

FIG. 1. Chemical structures of the system in this work.
(a) Molecular structure of Class-II OInIn isomers with alternating
hopping amplitudes. (b) Schematic of a long chain formed by con-
necting these units. (c) Formation of a domain wall at the boundary
between two distinct dimerization patterns. (d) Calculated energy
spectrum of the SSH model (t1 = 2, t2 = 1) with 2N = 128 sites,
showing a clear midgap state at E = 0 due to the topological de-
fect. (e) Spatial distribution of the probability density |ψi|2 for the
soliton state (solid line) localized at the domain wall and the edge
state (dashed line). Dotted lines represent the approximate solutions
derived in the later section. (f) Conceptual illustration of the soliton
orbital hybridized with the Au(111) substrate (modeled as a con-
duction bath), forming the basis for the effective Anderson impurity
model.

domain wall appears at the boundary of the two structures
in Figs. 1(b) and 1(c). The energy spectrum for the SSH
model with t1 = 2 and t2 = 1 is plotted in Fig. 1(d). The
total number of sites is set to 128, and the topological de-
fect is located between the site numbers 64 and 65 counted
from the far left. The solid and dashed lines in Figs. 1(e)
and 1(f), respectively, represent the spatial configurations of
the electron probability density |ψi|2 for the solitonic state
localized in the vicinity of the topological defect and for the
edge state, where ψi represents the amplitude of the wave
function at site i. Denoting the soliton orbital by operator dσ ,
we represent the low-energy physics in terms of an effective
localized orbital with energy εd . In the ideal, isolated SSH
limit, the domain-wall state is naturally pinned at zero energy
due to chiral symmetry. However, for a molecular chain ad-
sorbed on a metallic substrate, the effective level position εd

is renormalized by several environmental factors, including
charge transfer from the substrate and image-charge stabi-
lization [14]. In our effective Anderson impurity description,
εd should be understood as this renormalized energy mea-
sured relative to the substrate chemical potential. The Kondo
regime emerges when these effects shift the level such that
the local-moment conditions εd < 0 and εd + Ueff > 0 are
satisfied.

To incorporate correlation effects, we include an effective
on-site repulsion on the soliton orbital,

Hint = Ueffnd↑nd↓, (2)

where ndσ = d†
σ dσ . The soliton orbital thus behaves as a cor-

related impurity embedded in the chain.
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The effective on-site Coulomb interaction, Ueff , is signifi-
cantly renormalized from its bare value due to the screening
effects of the metallic Au(111) substrate. When a molecule
is adsorbed on a metal surface, the image-charge effect typ-
ically reduces the electron-electron repulsion from several
electron volts in the gas phase to a much smaller effec-
tive value [14]. In evaluating the effective on-site Coulomb
interaction Ueff , we refer to the energy scales reported in
spectroscopic studies of topological nanostructures [3,4]. Due
to the screening effects from the metallic Au(111) substrate
[14], the Coulomb penalty is significantly reduced, justifying
our choice of Ueff = 0.2−0.5 eV for describing the correlated
soliton state.

The effective Coulomb potential strength Ueff can be eval-
uated as follows. Let us call the wave function of the solitonic
mode ψ soliton and its amplitude at site i to be ψ soliton

i . The
Coulomb interaction term is projected into the solitonic mode
basis as

U
∑

i

∣∣ψ soliton
i

∣∣4
nd↑nd↓. (3)

Thus, the effective Coulomb interaction becomes

Ueff = U
∑

i

∣∣ψ soliton
i

∣∣4
. (4)

It is noteworthy that the presence of |ψ soliton
i |4 highly reflects

the topological phase transition; namely, it becomes zero if
the midgap state vanishes (t1 = t2). For later convenience, we
assume the topological defect is located between Ns site and
Ns + 1 site. If the localization is tight, one can further evaluate
the effective Coulomb interaction as

Ueff � U
∣∣ψ soliton

Ns

∣∣4 + U
∣∣ψ soliton

Ns+1

∣∣4
. (5)

III. COUPLING TO AU(111): EFFECTIVE ANDERSON
IMPURITY MODEL

When the chain is adsorbed on Au(111), electrons may
tunnel between the soliton orbital and the metallic substrate.
The substrate is modeled as a conduction bath

Hbath =
∑
k,σ

εkc†
kσ

ckσ . (6)

Hybridization between the soliton orbital and substrate is de-
scribed by

Hhyb =
∑
k,σ

(Vkc†
kσ

dσ + H.c.). (7)

The full effective model is therefore the single-impurity An-
derson Hamiltonian

H = Hbath +
∑

σ

εd d†
σ dσ + Ueffnd↑nd↓ + Hhyb. (8)

The hybridization strength is characterized by

�(ω) = π
∑

k

|Vk|2δ(ω − εk ). (9)

For Au(111) in the relevant energy window, we approximate
�(ω) ≈ � as constant. This hybridization strength � is ap-
proximately evaluated from the solitonic mode as the case of

Ueff . Since the solitonic mode has a significant spatial modu-
lation of the density of electrons, the hybridization becomes

�i = �0

∣∣ψ soliton
i

∣∣2
, (10)

where �0 is a constant determined by the density of state in the
substrate and the hopping between the chain and the substrate.
This �i becomes zero except near the topological defect, and
furthermore, it vanishes in the nontopological phase.

The physical interpretation is straightforward: The topo-
logical domain wall generates a localized orbital, Coulomb
repulsion stabilizes a local moment, and hybridization with
the Au substrate enables Kondo screening.

IV. TOPOLOGICAL PARAMETER AND EFFECTIVE
COULOMB REPULSION

In Sec. II, we have shown the rough estimation of Ueff .
In this section, we further evaluate the effective Coulomb
interaction by using the approximate solution of the solitonic
mode in the SSH model. The solitonic mode near the domain
wall is given by [see Fig. 1(e)]

ψ soliton
i ≈ Ar|i−Ns|, (11)

where we introduce the normalization factor A and the param-
eter r as

r :=
√∣∣∣∣ t1

t2

∣∣∣∣. (12)

Here, we assume |t1| < |t2|. This approximate solution yields
the localization length ξ as a function of r as

ξ = − 1

ln r
. (13)

Here, we note that the physical localization length ξphys must
be defined as ξphys = −a/ln r with a lattice constant a, so that
the solitonic mode becomes

ψ soliton
i ∝ e−a|i−Ns|/ξ . (14)

The normalization of the solitonic mode
∑

i |ψ soliton
i |2 = 1

yields

∑
i

∣∣ψ soliton
i

∣∣2 = A2
∞∑

m=0

2r2m = 2A2 1

1 − r2
= 1, (15)

where we assume the domain wall is far from the edge and
the solitonic mode rapidly vanishes so that we can change the
upper bound of the summation to be ∞. Thus, we obtain

∣∣ψ soliton
i

∣∣2 = 1 − r2

2
r2|i−Ns|. (16)

By using this approximate solution, we can evaluate Ueff as
follows:

Ueff = U
∑

i

∣∣ψ soliton
i

∣∣4 = U
(1 − r2)2

4
× 2

∞∑
m=0

r4m

= 1

2
U

(1 − r2)2

1 − r4
= 1

2
U

1 − r2

1 + r2
. (17)

This expression shows the direct connection between the pa-
rameter determining the topological soliton and the effective
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Coulomb interaction in the solitonic mode. Equation (17) can
also be written by using the localization length (13), which
may be a better quantity for experiments as

Ueff = 1

2
U

1 − e−2/ξ

1 + e−2/ξ
= 1

2
U tanh

1

ξ
. (18)

Similarly, the hybridization (10) can also be evaluated by
using Eq. (16) as

�i = 1 − r2

2
�0r2|i−Ns|. (19)

This expression implies the exponential decrease of the hy-
bridization away from the domain wall.

V. KONDO REGIME AND SCHRIEFFER-WOLFF
REDUCTION

In the local-moment regime, εd < 0 and εd + Ueff > 0, the
soliton orbital is singly occupied and behaves as a spin-1/2
impurity. Performing a Schrieffer-Wolff transformation yields
an effective Kondo model [7],

HKondo = Hbath + JS · s(0), (20)

where S is the impurity spin and s(0) is the conduction-
electron spin density at the impurity site.

The antiferromagnetic exchange coupling is

J = 2|V |2
(

1

|εd | + 1

εd + Ueff

)
. (21)

Again, this J has a significant spatial dependence stemming
from |V | ∝ |ψ soliton

i |2. The Kondo temperature is then approx-
imately

TK ∼ D exp

(
− 1

ρJ

)
, (22)

where D is a bandwidth cutoff and ρ is the substrate density
of states.

At particle-hole symmetry εd = −Ueff/2, one obtains a
widely used approximation,

TK ∼ √
�NsUeff exp

(
−πUeff

8�Ns

)
, (23)

which will be used below to quantify experimental scales.
Here, we assume the localization of the zero mode is tight
enough to approximate as a one-site peak at the defect site.
As mentioned before, the two parameters � and Ueff reflect
the soliton shape via Eqs. (4) and (10). Moreover, both vanish
if the system is in the nontopological sector.

VI. SCANNING TUNNELING SPECTROSCOPY
AND FANO INTERFERENCE

The differential conductance dI/dV measured in STS can
be described by the Fano line shape, which arises from the
quantum interference between the discrete Kondo resonance
and the substrate’s conduction continuum [15]. The profile is
characterized by the Fano parameter q, where q → ∞ yields
a Lorentzian peak and q = 0 results in a symmetric dip [16].

FIG. 2. Kondo temperature TK as a function of hybridization
strength � for representative effective Coulomb repulsions Ueff =
0.2, 0.3, and 0.5 eV, evaluated using Eq. (23). The strong exponential
dependence implies that small variations in adsorption geometry can
induce drastic changes in TK.

The standard expression is

dI

dV
(V ) = a

(q + ε)2

1 + ε2
+ b, ε = eV − V0

�K
, (24)

where q is the Fano parameter, V0 is the resonance center, and
�K is the resonance width.

For Kondo physics, �K is controlled by TK and satisfies
kBTK ∼ �K. Thus, fitting STS spectra to Eq. (24) provides a
direct experimental estimate of TK.

VII. RESULTS

A. Exponential sensitivity of the Kondo temperature

We first evaluate the Kondo temperature expected for a
soliton-induced impurity on Au(111). In Fig. 2, we plot TK

obtained from Eq. (23) as a function of � for representative
interaction strengths Ueff = 0.2, 0.3, and 0.5 eV. The result
clearly demonstrates the extreme exponential sensitivity of the
Kondo scale to hybridization. In the physically relevant range
� ∼ 5–50 meV, TK can vary over many orders of magnitude.

For example, at Ueff = 0.3 eV, changing � from 10 to
30 meV increases TK from the millikelvin regime to the exper-
imentally accessible range of tens of kelvin. This implies that
relatively small differences in adsorption geometry can deter-
mine whether a soliton defect exhibits a measurable Kondo
resonance. Therefore, the observation of Kondo features is
expected to be strongly defect-selective even within nominally
identical domain walls.

B. Kondo effect disappearance at topological transition

In this section, we consider the interplay between the topo-
logical phase transition and the Kondo effect. Substituting
Eqs. (18) and (19) into Eq. (23), we obtain

TK ∼ 1 − r2

2

√
1

(1 + r2)
�0U exp

[
− πU

8�0(1 + r2)

]
, (25)

where we approximate the soliton orbital as effectively lo-
calized on the defect site Ns. Equation (25) implies that the
Kondo temperature approaches zero for r → 1 (see Fig. 3).
As shown in the inset of Fig. 3, this demonstrates that the
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FIG. 3. Kondo temperature TK as a function of topological pa-
rameter r = t1/t2 for U = 0.6 eV and �0 = 0.005 eV evaluated
using Eq. (25). The inset shows the enlarged view in the vicinity
of the topological transition point r = 1.

many-body scale vanishes linearly with the topological mass
parameter 1 − r2, and hence linearly in 1 − r close to the tran-
sition. We note that the linear collapse near r → 1 originates
from the prefactor proportional to 1 − r2, while the exponen-
tial factor varies only weakly with r in the physically relevant
regime. This behavior is natural since the solitonic mode no
longer behaves as an impurity for large ξ and completely
vanishes at r = 1, namely, t1 = t2. It should be noted that the
opposite limit r → 0 yields Ueff → U/2 and � → �0/2, and
thus, the impurity Anderson model is achieved.

C. Height dependence of hybridization on Au(111)

The exponential sensitivity of TK becomes physically trans-
parent by considering the adsorption-height dependence of
the hybridization. For molecular adsorbates on Au(111), the
tunneling matrix element decays as

V (z) ∼ V0e−κz, (26)

yielding

�(z) ∝ |V (z)|2 ∼ �0e−2κz. (27)

Combining Eq. (27) with Eq. (23) implies that the Kondo
scale is extremely sensitive to adsorption height. Figure 4
illustrates this effect, where TK is plotted as a function of

FIG. 4. Adsorption-height dependence of the Kondo temperature
TK on Au(111), assuming an exponential decay of the hybridization
�(z) ∼ �0e−2κz. A sub-angström variation in adsorption height can
suppress TK by several orders of magnitude.
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FIG. 5. Representative Fano line shapes for different values of
the asymmetry parameter q with a = 1, b = 0, V0 = 0, and �K =
5 meV. The Kondo resonance can appear as either a peak or a dip
depending on tunneling interference.

a relative height shift z for a representative decay constant
κ ∼ 1 Å−1. A height variation on the order of �z ∼ 0.5–1 Å,
which is entirely realistic due to local strain or bonding con-
figuration, is sufficient to suppress the Kondo temperature by
several orders of magnitude.

This result provides a natural explanation for heteroge-
neous experimental behavior: Soliton-bound states may exist
generically at domain walls, but only those defects with suf-
ficiently strong coupling to the Au substrate will display a
pronounced Kondo anomaly. The result that TK varies by
orders of magnitude with sub-angström changes in adsorption
height (as shown in Fig. 4) indicates that the Kondo effect in
these systems is extremely sensitive to the local environment.
This is consistent with the “Kondo switch” behavior previ-
ously reported in magnetic molecules [12], where the Kondo
resonance is toggled by subtle changes in chemical bonding
with the substrate. Crucially, our work extends this concept by
demonstrating that while band topology protects the existence
of the soliton state, it does not provide a similar “topological
protection” for the many-body energy scale itself. Instead, the
spatial extension of the topological state dictates the degree of
its environmental sensitivity, thereby linking the macroscopic
topological phase to the microscopic variability of Kondo
screening.

D. Fano line shape of the Kondo resonance

We next consider the expected STS signature. The Kondo
resonance is generically distorted by interference effects,
leading to a Fano profile. Figure 5 shows representative spec-
tra generated from Eq. (24) for several values of q with a = 1,
b = 0, V0 = 0, and �K = 5. For q = 0, the feature appears as
a dip-like antiresonance, while for q � 1 it becomes an asym-
metric peak. In the large-q limit, the resonance approaches a
Lorentzian peak.

This implies that the experimentally observed zero-bias
feature can appear either as a peak or as a dip, depending
on the local tunneling geometry. Consequently, a dip-like
anomaly at the soliton position is not inconsistent with Kondo
physics; rather, it is a natural consequence of Fano interfer-
ence (for more details, see Appendix B).
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FIG. 6. Temperature evolution of the Fano-type Kondo reso-
nance for q = 2 with a = 1, b = 0, V0 = 0, and TK = 20 K. The
zero-bias anomaly broadens and is suppressed as T approaches and
exceeds TK.

E. Temperature evolution of the zero-bias anomaly

A central hallmark of the Kondo effect is the suppres-
sion and broadening of the zero-bias anomaly with increasing
temperature. To illustrate this behavior, we adopt a phe-
nomenological temperature-dependent width [17]

�K(T ) = �K(0)
√

1 + (T/TK )2, (28)

which captures the crossover from the strong-coupling regime
(T 
 TK) to the weak-coupling regime (T � TK).

Figure 6 shows the evolution of the STS spectra for
TK = 20 K with q = 2. The resonance becomes progressively
broadened and suppressed as T increases. This provides a
direct method to extract the Kondo scale experimentally: By
fitting measured dI/dV curves to Eq. (24) and tracking the
fitted width �K(T ), one can obtain a consistent estimate of
TK.

F. Spatial localization of the Kondo feature

The soliton orbital is exponentially localized at the do-
main wall. Therefore, the Kondo resonance should also be
spatially localized, with its intensity following the soliton
wave-function envelope. Denoting the soliton wave function
by ψ soliton(x) in the continuum approximation, the local spec-
tral weight at zero bias should approximately scale as

dI

dV
(x)

∣∣∣∣
Vbias=0

∝ |ψ soliton(x)|2, (29)

decaying away from the domain wall on the soliton local-
ization length scale ξ . This spatial confinement provides an
additional strong experimental discriminator, since substrate-
induced inhomogeneities would not typically exhibit the same
exponential localization tied to the defect.

VIII. DISCUSSION

A. Why Kondo physics is not always visible?

As quantified in Sec. VII C, the extreme sensitivity of TK

to the adsorption geometry explains why nominally identical
structures do not guarantee identical spectroscopic signatures.

The above results show that soliton-induced Kondo screen-
ing on Au(111) is generically possible but highly configura-
tion dependent. Despite the topological robustness of these
states, experimental signatures often exhibit significant het-
erogeneity. For instance, STS mappings of topological end
states in graphene nanoribbons [10,11] reveal that the local-
ized signatures can vary from site to site, likely due to local
variations in the chemical environment or substrate coupling.

While the existence of a soliton-bound state is protected by
the topology of the dimerized chain, the Kondo temperature
is controlled by the hybridization strength �, which depends
sensitively on adsorption geometry. This provides an impor-
tant conceptual separation: The presence of a soliton-bound
state is primarily a single-particle topological effect, whereas
the emergence of a measurable Kondo anomaly is a many-
body phenomenon controlled by the strength of coupling to
the metallic bath. Thus, failure to observe a Kondo resonance
at a particular defect does not imply the absence of a soliton
state; it may simply indicate that TK lies below the experimen-
tal temperature window.

B. Realism of the parameter regime and soliton localization

A crucial consideration for the experimental realization of
the proposed mechanism is the stability of the local-moment
regime near the topological transition. As shown in Eq. (17),
the effective interaction Ueff is proportional to the inverse par-
ticipation ratio of the midgap wave function. Consequently,
as the topological mass decreases and the soliton delocalizes,
Ueff diminishes. This effect may eventually lead to a crossover
from the local-moment regime to a nonmagnetic valence-
fluctuation regime as the transition is approached.

While our current analysis is semiquantitative and moti-
vated by typical screening scales on Au(111), it highlights
a fundamental trade-off: A larger topological mass enhances
Ueff through tighter localization but simultaneously restricts
the spatial extent of the screening cloud. The observation of
robust Kondo resonances in systems like graphene nanorib-
bons suggests that there exists a functional parameter window
where the soliton remains sufficiently localized to support
a local moment while maintaining enough coupling to the
substrate to yield a measurable TK. Future first-principles cal-
culations accounting for the microscopic details of specific
molecular adsorbates will be valuable to precisely map the
boundaries of this topological Kondo window.

C. Choice of values of Ueff

The effective on-site Coulomb interaction, Ueff , is a key
parameter determining the many-body ground state of the
soliton. While the bare Coulomb repulsion for isolated organic
molecules is typically in the range of several eV, it is signif-
icantly renormalized upon adsorption on a metallic substrate
due to the image-charge effect and dynamical screening by
the conduction electrons [14]. Following previous studies on
topological molecular chains and graphene nanoribbons on
Au(111) [3,4], we adopt Ueff values between 0.2 and 0.5 eV.
This range is consistent with the experimental observation of
Kondo scales in similar molecular architectures. Furthermore,
we emphasize that the primary conclusion of this work—the
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exponential sensitivity of TK to the hybridization—remains
qualitatively robust across this range of Ueff .

D. Distinguishing Kondo resonance from trivial in-gap states

Experimentally, an in-gap resonance at a defect can arise
from (1) a noninteracting bound state, (2) a resonance broad-
ened by substrate coupling, or (3) a genuine Kondo resonance.
Our analysis suggests that Kondo physics can be unambigu-
ously identified by a combination of signatures: (1) a Fano
line shape centered near zero bias, (2) temperature scaling
governed by a single scale TK, and (3) spatial localization
consistent with the soliton envelope.

A purely single-particle resonance would not show the uni-
versal temperature scaling associated with Kondo screening.

We must distinguish the soliton-induced Kondo resonance
from vibration-induced features (inelastic electron tunneling
spectroscopy, IETS) that often appear in the same energy
range (10−50 meV).

Two primary criteria can be used:
(1) Temperature dependence. The Kondo resonance fol-

lows a universal scaling law, significantly broadening and
decreasing in amplitude as T approaches TK. In contrast, IETS
features remain relatively sharp, with their width primarily de-
termined by the thermal broadening of the tip’s Fermi surface.

(2) Magnetic field response. Under a high magnetic field,
the Kondo resonance undergoes a characteristic Zeeman split-
ting or suppression. Conversely, molecular vibrations are
typically insensitive to magnetic fields of several tesla. These
distinct responses allow for a clear identification of the many-
body origin of the observed zero-bias anomaly.

E. Role of particle-hole asymmetry

Although our quantitative plots were obtained at particle-
hole symmetry, realistic soliton orbitals may deviate from
εd = −Ueff/2 due to charge transfer to the substrate. Such
asymmetry modifies the effective exchange coupling and
shifts the resonance center V0 (see Appendix A). However,
the essential qualitative feature remains: The Kondo temper-
ature retains its exponential dependence on �, and the STS
signal remains describable by a Fano form with a temperature-
dependent width.

Therefore, the predictions made here are robust against
moderate particle-hole asymmetry.

F. Interference between modes in the domain wall and the edge

In finite chains, the proximity of the domain wall to the
chain ends can lead to hybridization between the soliton state
and the topological edge states [Fig. 1(e)]. The E = 0 degener-
acy splits when the distance between the domain wall and the
end is shorter than the localization length, and the two states
overlap. This overlap significantly reduces the local density
of states at the Fermi level, potentially suppressing the Kondo
effect or shifting the resonance energy away from zero bias.
For the experimental identification of pure soliton-induced
Kondo physics, it is therefore crucial to investigate domain
walls located at least several unit cells away from the chain
ends to ensure the soliton’s topological isolation. In addition,
this interference may induce the Ruderman-Kittel-Kasuya-

Yosida-type spin-spin interaction, and that competes with the
Kondo effect.

Beyond the experimental considerations discussed above,
it is instructive to reconsider our results from a more general
theoretical perspective. In the SSH model, the bulk energy gap
is directly tied to the Dirac mass controlling the localization
length of the domain-wall state. While the preceding analysis
focused on adsorption geometry and hybridization strength,
the underlying mechanism can be reinterpreted in terms of
how the topological mass governs the effective interaction
scale of the localized mode.

G. Recast in terms of the bulk gap and topological mass

Beyond the microscopic parametrization adopted in the
previous sections, the present results admit a more transpar-
ent physical interpretation in terms of the bulk gap and the
associated Dirac mass of the SSH chain. In the continuum
limit, the dimerization strength controls the bulk energy gap
�, which in turn determines the inverse localization length of
the domain-wall mode. The parameter r introduced above is
directly related to this gap as

1 − r2 = 1 −
∣∣∣∣ t1
t2

∣∣∣∣ = |t2| − |t1|
|t2| ∝ �. (30)

Since the bulk gap is proportional to the topological mass mtop

of the low-energy Dirac description,

mtop ∝ �, (31)

the collapse of the Kondo scale near r → 1 can be equiva-
lently interpreted as the vanishing of the Dirac mass. Using
these relations, Eq. (25) can be rewritten in the vicinity of the
transition as

TK ∼ A�

√
1

2
�0U exp

[
− πU

16�0

]

∼ Bmtop

√
1

2
�0U exp

[
− πU

16�0

]
, (32)

where A and B collect nonuniversal prefactors.
This expression makes explicit that the emergent many-

body scale is linearly tied to the bulk mass scale. Importantly,
the disappearance of TK at the topological transition is there-
fore not an accidental lattice-specific feature, but a direct
consequence of the vanishing Dirac mass that controls the
spatial confinement of the soliton mode. In this sense, the
topological mass does not merely determine the existence
of the bound state; it quantitatively governs the strength of
correlation effects associated with it.

The robustness of this mass-controlled scaling within the
SSH realization suggests that similar mechanisms may arise
in other domain-wall systems where localized modes inherit
their confinement length from a bulk mass parameter.

The linear dependence on mtop has a simple physical origin.
In the continuum description, the topological mass sets the
inverse localization length of the soliton mode, ξ−1 ∝ mtop.
As the transition is approached, the bound state delocalizes
and its weight at the impurity site decreases proportion-
ally to mtop. Since the effective hybridization entering the
Kondo scale is controlled by this local weight, �eff ∝ mtop, the
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resulting Kondo temperature inherits the same linear prefac-
tor. The collapse of TK at the topological transition is therefore
a direct manifestation of critical delocalization of the bound
state.

H. Limitations and outlook

While more sophisticated numerical methods, such as
numerical renormalization group (NRG) calculations, may
refine quantitative prefactors, the exponential scaling struc-
ture and the topology-controlled collapse of the Kondo scale
follow directly from the analytical mapping and are therefore
robust. In particular, the linear collapse of the Kondo tempera-
ture at the topological transition and its exponential sensitivity
to hybridization arise directly from the analytical structure of
the effective model and are therefore robust features indepen-
dent of specific numerical details.

IX. EXPERIMENTAL PROPOSAL: HOW TO OBSERVE
SOLITON KONDO ON AU(111)

A promising platform is a dimerized molecular chain as-
sembled on Au(111) via on-surface synthesis or manipulation.
The dimerization pattern can be stabilized by molecular bond-
ing geometry. Domain walls can be introduced by deliberate
termination, by missing-molecule defects, or by constructing
a junction between two dimerization domains.

To detect Kondo physics, one should perform dI/dV spec-
troscopy at the soliton center and away from it. A pronounced
zero-bias anomaly should appear only near the domain wall.
The spectrum should then be fitted to the Fano form Eq. (24).
The extracted width �K yields an estimate of the Kondo
temperature via kBTK ∼ �K. The key test is consistency: TK

extracted from the width should match the temperature at
which the anomaly disappears.

Temperature-dependent STS measurements should be per-
formed from the base temperature (typically T ∼ 1–5 K) up
to tens of kelvin. The resonance is expected to broaden and
weaken with increasing T . A consistent fit to Eq. (28) should
yield a characteristic TK.

Finally, a magnetic field applied perpendicular to the
Au(111) surface should induce Zeeman splitting. For B = 5–
10 T, the splitting energy is expected to be 0.6–1.2 meV for
g = 2. Therefore, high-resolution STS with meV-scale reso-
lution should resolve two peaks when TK is not too large.
Spatially resolved dI/dV (x,V ) maps should further demon-
strate exponential localization at the domain wall.

X. CONCLUSION

We have developed a theoretical framework demonstrating
that topology can directly regulate a many-body energy scale
in molecular systems. By mapping the SSH-Hubbard model
onto an effective Anderson impurity description of the soliton
orbital hybridized with a metallic substrate, we analytically
established that the Kondo temperature is governed by the
topological dimerization parameter and vanishes linearly at
the topological transition. This result reveals a direct propor-
tionality between topological mass and many-body screening
scale. This establishes a minimal analytical mechanism by

which a bulk Dirac mass controls an emergent correlation
scale.

In addition to this topological control, the Kondo temper-
ature retains its exponential sensitivity to the hybridization
strength �, implying that sub-angström variations in adsorp-
tion geometry can produce order-of-magnitude changes in
the observable Kondo signal. Such combined topological and
geometrical regulation naturally explains the apparent het-
erogeneity of Kondo signatures in experiments. We further
predicted characteristic Fano line shapes and temperature
evolution in scanning tunneling spectroscopy, providing con-
crete experimental criteria for identifying topology-controlled
Kondo screening.

In summary, our work establishes topological domain walls
in dimerized molecular chains on Au(111) as a platform where
a Dirac mass term directly governs a many-body energy scale.
This study highlights a general mechanism by which topol-
ogy controls correlation effects and offers a conceptual and
quantitative framework for engineering many-body quantum
states in molecular architectures. The linear collapse of the
Kondo scale at the topological transition provides a direct
experimental route to detect topology through many-body
spectroscopy. Our findings share a conceptual foundation with
topological photonics, where bulk properties enable robust
scattering resonances [18], suggesting that topological mass
control is a universal strategy across electronic and electro-
magnetic systems. More broadly, our work demonstrates that
topology does not merely protect states, but can quantita-
tively determine emergent many-body energy scales, opening
a route toward topologically engineered correlated quantum
matter.

Note added. A related study has appeared in Ref. [8],
which addresses complementary aspects of the problem. In
contrast to Ref. [8], which focuses on numerical modeling,
we provide an analytical scaling theory linking topology to
the many-body scale.
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APPENDIX A: SCHRIEFFER-WOLFF TRANSFORMATION

In the local-moment regime of the Anderson impurity
model, charge fluctuations to the empty and doubly occupied
impurity states are virtual processes. To second order in the
hybridization, one may integrate out these charge fluctuations
and obtain an effective Kondo exchange Hamiltonian.

Starting from

H = Hbath + Hd + Hhyb, (A1)
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with

Hd =
∑

σ

εd d†
σ dσ + Ueff nd↑nd↓ (A2)

and

Hhyb =
∑
k,σ

(Vkc†
kσ

dσ + H.c.), (A3)

the Schrieffer-Wolff transformation yields

Heff = Hbath + JS · s(0) + W
∑

σ

c†
0σ c0σ , (A4)

where W is a potential scattering term. The exchange coupling
is

J = 2|V |2
(

1

|εd | + 1

εd + Ueff

)
, (A5)

and the potential scattering is

W = |V |2
(

1

|εd | − 1

εd + Ueff

)
. (A6)

At particle-hole symmetry εd = −Ueff/2, the potential
scattering vanishes W = 0, and one obtains a pure Kondo
model.

APPENDIX B: CONNECTION TO FANO FITTING

The Fano expression used in Eq. (24) arises from interfer-
ence between tunneling amplitudes into the localized impurity
orbital and the substrate continuum. In STM experiments, the
tunneling current is proportional to the imaginary part of the
local Green’s function at the tip position. When both impurity
and substrate channels contribute, the resulting conductance
naturally acquires the Fano form.

Thus, the extracted q parameter encodes the ratio of tun-
neling matrix elements into the soliton orbital and into the
Au substrate. Variations in q between different soliton defects
are expected due to local geometry and do not contradict a
universal Kondo interpretation.

The Fano parameter q represents the ratio of tunneling
amplitudes into the discrete soliton state versus the continuum
of the metal substrate. Specifically, q = 〈 f |H |i〉

πV 〈 f |H |k〉 , where |i〉 is
the soliton state and |k〉 is the substrate continuum. When the
STS tip is positioned directly above the soliton center at the
domain wall, the direct tunneling into the molecular orbital
is maximized, typically resulting in a large |q| (peak-like fea-
ture). As the tip moves laterally away from the defect center,
the coupling to the localized soliton wave function decays
faster than the coupling to the metallic surface, leading to a
decrease in |q| and a transition toward a dip-like structure
(q ≈ 0). Furthermore, a larger adsorption height z generally
decreases the overall hybridization �, but also modifies the
ratio of tunneling paths, often leading to a more symmetric
dip if the orbital symmetry and the tip-sample distance favor
interference with the substrate’s surface state.
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