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Breakdown of bosonic Thouless pump due to interaction in a quasiperiodic lattice
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We investigate the effect of interparticle interactions on the quantized Thouless pump in the bosonic quasiperi-
odic Aubry–André model and find that the quantization of the pumped charge breaks down already for weak
interactions. Furthermore, the pumped charge undergoes sharp changes as a function of interaction strength that
we can attribute to the closing of specific doublon channels. As expected, the quantization revives in the hard-core
limit at very large interaction strengths where the bosons are subject to a hard-core constraint. Interestingly, the
stability of isolated doublons under the pump depends on the band they are in. For repulsive interactions and
a suitably fixed pump period, doublons in the lowest band are pumped stably while doublons in higher bands
dissociate during the pump with one particle decaying into a lower band. This asymmetry leads to the decay
of the total energy over time, in stark contrast to the typical Floquet heating expected for a driven many-body
system.
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I. INTRODUCTION

The study of topological properties of matter reveals
fundamental phenomena such as robust quantized transport
[1–3]. Topological Thouless pumps, time-periodic analogs
of the two-dimensional Chern insulators, have emerged as
a cornerstone for exploring quantized adiabatic transport in
low-dimensional systems [4,5]. While the topological nature
of noninteracting periodic systems is well classified [3], a
significant effort has been directed towards establishing a
conceptual understanding of topology and transport in peri-
odically driven quasiperiodic systems in the last two decades
[6–10]. In the context of the Thouless pump, the Aubry–
André model exhibits quantized pumping when the phase
of the potential is adiabatically changed with time [11–13].
This topological response originates from the topology of the
underlying energy bands.

Recently, there has been a resurgence of interest in
quasiperiodic systems to study the Bose glass [14–17], An-
derson localization and mobility edges [18–24], many-body
localization [25–29], and Thouless pumping [12,30,31], to
name some key examples.

Interactions can alter the properties of the Thouless pump.
In some instances, interactions can give rise to new pumping
regimes or even induce charge pumping that would not oc-
cur otherwise [32–41], while in many other scenarios, they
can disrupt the quantized pump [42–46]. To date, research
in this area has primarily focused on periodic systems. On
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the one hand, the effect of interactions on Thouless pump-
ing in quasiperiodic systems remains largely unexplored.
On the other hand, advances in ultracold atomic gas se-
tups have enabled experimental realizations of topological
pumps [30,32,43,47–51]. Notably, topological pumping in the
presence of interactions has recently been achieved in exper-
iments, where interactions play a pivotal role in the charge
transport [32,43,51]. Furthermore, quasiperiodic lattices in
these experimental setups are also feasible [30,52,53]. Mo-
tivated by these facts, we study the effect of interactions on
Thouless pumping in quasiperiodic systems.

The starting point for our work is a recent investigation of
Thouless pumping of noninteracting particles in the quasiperi-
odic Aubry–André chain by Gottlob et al. [12] elucidating
the intricate relationship between the pumping speed and
the hierarchical order of gaps in the spectrum. For strong
quasiperiodic potentials, the eigenstates are strongly local-
ized, and a hierarchical order of gaps arises from higher-order
tunneling processes connecting distant resonant sites. During
the pump protocol, which consists of sliding the quasiperiodic
modulation across the lattice, Landau–Zener transitions be-
tween these resonant sites facilitate the pumping of particles.
Because of this hierarchy of increasingly smaller gaps, a truly
adiabatic pump is impossible in such quasiperiodic systems.
Rather, the pumping period T can be chosen such that its
inverse is smaller than all gaps up to a certain order, but much
larger than all smaller ones. A key finding was the surprising
resilience of quantization in the Thouless pump, notably per-
sisting beyond the disorder-induced closure of spectral gaps.
This gap closure conventionally signifies a breakdown condi-
tion in periodic systems [30,54–58].

To analyze the effect of interactions, we consider a pump
period where the pump is approximately adiabatic up to
the first-order energy gaps that are the largest gaps in the
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FIG. 1. (a) Potential energy landscape (in arbitrary units with
β = √

2/2) of a one-dimensional Aubry–André model defined in
Eq. (1). The parabolae show the potential minima of the lattice
potential at different sites ( j). The circles represent the sites and
the quasiperiodic on-site energies (� j), and the blue shaded cir-
cles depict singly occupied sites in the initial state. The two sites
highlighted in red illustrate a resonance. As depicted in the inset,
the variation of γ during the pump gives rise to a Landau–Zener
transition that pumps the particle from left to right and vice versa.
The dotted line marks the position of the center of the first-order gaps
in the single-particle spectrum. (b) Illustration of the hierarchical
structure of gaps in the single-particle spectrum. The first-order gaps
define the three bands (left) with different Chern numbers (C) and
the higher-order gaps successively divide the bands into a fractal of
subbands (second-order gaps shown on the right).

noninteracting system. As the initial state we employ a prod-
uct state where the central sites are singly occupied by bosons,
see Fig. 1, and time evolve it according to the pump protocol
of [12], see Eq. (5). We find that the interaction between
particles significantly affects the pump. Most importantly,
even weak interactions can cause a breakdown of quantized
pumping. Conversely, in the case of very strong interaction,
the quantized Thouless pump is revived as expected owing
to the emergence of the hard-core limit, where the system
can be mapped to noninteracting fermions. In the regime of
intermediate interaction strengths, we observe some sharp
changes in the pumped charge that we can trace back to the
closing of specific doublon channels.

Furthermore, we analyze the pumping of isolated doublons
and uncover an interesting difference in the stability of the
doublon pump depending on the initial energy. For repulsive
interactions, doublons in the lowest band are pumped stably
while doublons in higher bands dissociate, transmitting one
particle into a lower band. This phenomenon results in an
unusual energy decay in the driven many-body system, where
the system continuously loses energy. This is in stark contrast
to the usual Floquet heating that is accompanied by an in-
crease in energy in a periodically driven many-body system.

In the remainder of the paper, we discuss the theoretical
model considered in this study in Sec. II, along with the
method used for the time evolution. In Sec. III, we present the
effect of interactions on the pumped charge in the many-body

setting and discuss the role of individual doublon channels.
We explore the asymmetry in the stability of a doublon pump
depending on the energy of an isolated doublon in Sec. IV
and its effect on total energy in Sec. V. Finally, we conclude
in Sec. VI.

II. MODEL AND METHOD

The model Hamiltonian that describes our quasiperiodic
interacting system consists of three terms,

Ĥ = Ĥkin + Ĥqp + Ĥint, (1)

where Ĥkin is the kinetic energy term, Ĥqp is the quasiperiodic
potential term, and Ĥint represents the interaction between the
bosonic particles,

Ĥkin = −J
L∑

l=1

(b̂†
l b̂l+1 + H.c.), (2)

Ĥqp = �

L∑
l=1

cos (2πβl + γ (t ))n̂l , (3)

Ĥint = U

2

L∑
l=1

n̂l (n̂l − 1). (4)

Here, b̂l and n̂l = b̂†
l b̂l are the bosonic annihilation and den-

sity operators on site l in a chain with L sites. J is the
nearest-neighbor tunneling matrix element, � represents the
strength of the quasiperiodic potential with irrational period
β = √

2/2, and U denotes the on-site two-body interaction
energy. The on-site interaction term has the same form as in
the Bose–Hubbard model and represents the natural interac-
tion for ultracold bosonic atoms in optical lattices [59]. We
use J = 1, which defines the unit of energy. Note that we use
β = √

2/2 (instead of, e.g., the more often used golden ratio)
since this particular value of β naturally occurs in experimen-
tal setups based on an eightfold quasicrystal [60].

In this setup, pumping consists of linearly increasing the
phase of the quasiperiodic modulation γ (t ) with period T
such that γ (t + T ) = γ (t ), i.e.,

γ (t ) = γ (0) + t 2π/T . (5)

Previous work [12] contains a detailed discussion of the non-
interacting pump in the strongly localized regime at large �.
As illustrated in Fig. 1(b), in this case, the single-particle
spectrum contains a hierarchy of exponentially decreasing
energy gaps, δE(k) ∝ Jk/�k−1. These gaps correspond to res-
onances between two sites that are k sites apart. Because
of the exponentially decreasing size of the gaps, one can
set a suitable pump period T so as to be adiabatic for all
gaps up to a particular order, while being fast compared to
all smaller gaps. The first-order gaps k = 1 separate three
single-particle energy bands with Chern numbers C = 1, −2,
and 1 as illustrated in Fig. 1(b). Smaller gaps further divide
these primary bands into subbands with higher Chern numbers
in a hierarchical structure [see Fig. 1(b)]. During pumping,
an isolated atom will remain at its site until γ (t ) is such
that its site becomes resonant with its kth neighbor, see red
sites in Fig. 1(a) for k = 1, at which point it will transition
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FIG. 2. Time evolution of [(a)–(e)] the particle (ni) and [(f)–(j)] doublon density (di) during the pump for N = 7, � = 15J , and for different
values of U shown in the upper and lower panels, respectively. We show results for the following interaction strengths: (a), (f) U = 0, (b), (g)
U = 2J , (c), (h) U = 10J , (d), (i) U = 36J , (e), (j) U = 50J . For U = 0, the initial cloud bifurcates into two branches with time, corresponding
to the C = −2 and C = 1 bands. For U = 2J , 10J , and 36J , the time evolution of the density changes drastically compared to that for U = 0.
At very large U = 50J , the time evolution of the density appears to be similar to that for U = 0. The time evolution of the doublon density is
distinctly different in all cases (see the main text). System size is L = 40 and results are averaged over 40 realizations [i.e., 40 different values
of γ (0)].

to this resonant neighboring site following an approximately
adiabatic Landau-Zener transition.

We confine our analysis to a fixed period T = 2π
0.05J and

large � = 15J , where the first-order gaps dominate pumping
[12] and study the effect of interactions on the pump.

As our initial state, we consider a product state with one
particle per site in the center of the lattice. The initial state for
N particles can be written as

|ψN (0)〉 =
⎛
⎝l0+N∏

l=l0

b̂†
l

⎞
⎠|vac〉, (6)

with l0 = Int( L
2 − N

2 ). A pictorial representation is shown in
Fig. 1(a). Because of the large � = 15J , the particles are
highly localized and hence there is no significant expansion
of the cloud without the drive. Hence, the particles can es-
sentially only move because of the periodic drive during the
pump. Note that the initial state overlaps with states in all
bands of the single-particle spectrum. For smaller � val-
ues below the critical value of the localization transition at
�/J = 2 [19], any pumping dynamics would happen on top
of the intrinsic expansion possible with extended states. This
expansion will occur on time scales set by the inverse of the
tunneling matrix element, and will thus likely mask the charge
pumping entirely. Therefore, in this paper, we do not explore
this regime.

We use the matrix-product-state (MPS)-based time-
evolving block decimation (TEBD) method to time evolve
the initial product states [61–63] with open boundary con-
ditions. In the TEBD method, the time-evolution operator is
Suzuki–Trotter decomposed in second order, producing an
error O(δt3) per time step (δt) of evolution that we consider to
be δt = 0.01/J . This is implemented using the ITensor library
[64] and the maximum bond dimension is set to 1500, which is
never reached for the truncation error of 10−8 and for the times
simulated in this paper. We truncate the local bosonic Hilbert

space to n � 4. To mitigate any dependence on specific values
of the phase γ , the results are averaged over 40 independent
realizations, achieved by uniformly sampling the initial phase
γ (0) from the interval [0, 2π ].

III. MANY-BODY PUMP

A. Dynamics of density and doublon density

To probe the influence of interactions on the pumping, we
time evolve the initial state of Eq. (6) with the pump protocol
in Eq. (5). Figure 2 presents the time evolution of the local
density n j = 〈n̂ j〉 and doublon density d j = 1

2 〈n̂ j (n̂ j − 1)〉.
In the noninteracting limit [Figs. 2(a) and 2(f)], the initial
cloud splits into two distinct branches that directly indi-
cate quantized Thouless pumping of particles in bands with
different topological character: the right-moving lower and
upper bands with C = 1 and the left-moving middle band
with C = −2 [12]. While the initial product state contains
zero doublons, tunneling creates a finite number of doublons
already within the first tunneling time [65]. Comparing the
noninteracting case with the case of low interaction strength,
U = 2J [Figs. 2(b) and 2(g)], we observe a difference in the
time evolution of the density. We see a finite particle den-
sity in between the two branches, indicating back-scattering
owing to the interactions. For stronger interactions, U = 10J
[Figs. 2(c) and 2(h)], a high-density core remains longer and
keeps spreading slowly over time. At even higher interaction
strength U = 36J [Figs. 2(d) and 2(i)], the left-moving branch
is strongly affected by the formation of long-lived doublons
discussed in more detail below, while the right-moving branch
is largely unaffected by the interaction. Finally, for very large
interaction strength such as U = 50J [Figs. 2(e) and 2(j)],
the time evolution of the density becomes similar to the non-
interacting case and the pumping becomes quantized again.
This signals the onset of the limit of hard-core bosons, where
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dominant interactions fully suppress the formation of higher
occupancies [65–67].

B. Pumped charge

For a more quantitative analysis, we turn to the pumped
charge, that is, the number of particles being pumped through
bond j of the 1D lattice in the time window between
t1 and t2. This is done by integrating the current I j (t ) =
−2J�〈�(t )|b̂†

j+1b̂ j |�(t )〉 on that bond using

q j (t1, t2) =
∫ t2

t1

I j (t ) dt . (7)

This calculation is performed over a full pumping period,
specifically between times t1 = 2T and t2 = 3T . To isolate
and clearly identify the contributions to the pumped charge
from the C = 1 and C = −2 single-particle bands, which are
pumped in opposite directions for U = 0, the pumped charge
q j is summed separately over the right (QR) and left half (QL)
of the system. Thus, we define

QR/L =
∑
j∈R/L

q j, (8)

where j belongs to the right (R) or left (L) halves of the
system. We normalize QR and QL at finite U by their corre-
sponding values in the U = 0 case via

Q̄R/L (U ) = QR/L(U )

QR/L(U = 0)
. (9)

For a large number of particles in the initial state, QR(U =
0) = −QL(U = 0). In contrast to the Chern numbers quoted
above, which are only defined for noninteracting systems,
the pumped charge directly enables us to study quantized
transport in the interacting case.

The results are presented in Fig. 3 and show that already
small values of U are sufficient to reduce the pumped charge
and break its quantization, see also the right insets in Figs. 3(a)
and 3(b). In this regime, the interaction modifies the local level
structure and the energy gaps in the two-site Landau–Zener
picture with two particles, thereby modifying the adiabaticity
condition and potentially leading to a nonadiabatic transi-
tion. The interaction effect hence quantitatively depends on
the chosen pumping speed, and could, for a single isolated
Landau–Zener problem, be cured by reducing the pumping
speed. For the full quasiperiodic problem, however, this is
not possible since higher-order resonances with k > 1 be-
come relevant for slower pumps [12]. This indicates that the
pump is generically not robust against on-site interactions, in
stark contrast to its exceptional robustness against disorder
potentials [12].

For intermediate interactions, the left- and right-moving
bands are influenced differently by the interactions, leading to
unequal currents with Q̄R/Q̄L �= 1. The left inset in Fig. 3(b)
demonstrates that this ratio depends sharply on interactions—
see below.

For very large interactions (U > 40J), once U dominates
over both kinetic (J) and potential energies �, the interaction
effects diminish as the system enters the hard-core regime,
where double occupancies are suppressed, and the pumped

(a)

(b)

FIG. 3. Pumped charge in the time window from t1 = 2T to
t2 = 3T , normalized by the noninteracting case, as a function of
interaction strength for � = 15J for (a) the right and (b) the left
half of the system. The simulations employ a system size of L = 40
sites, results are averaged over 40 initial values of γ (0), and the
results are shown for three different particle numbers N = 5, N = 6,
and N = 7. The right insets show a magnified view of the weak-
interaction regime, and the left inset in (b) shows how the ratio of
Q̄R/Q̄L changes as a function of interaction strength. The vertical
dotted lines denote the values of U where the system undergoes a
sharp change in its behavior because of the resonances discussed in
the text.

charges approach the quantized values of the noninteracting
limit. This situation can be compared to the stability of a
Thouless pump in a bosonic system without disorder po-
tentials: coming from the hard-core-boson limit, the pump
remains quantized until the superfluid phase is encountered
and the system becomes gapless upon lowering the strength
of a Hubbard interaction [45]. The breakdown occurs in a
different way compared to the situation studied in our work.

C. Closing of doublon channels

For intermediate interaction strength (20J � U � 40J),
the left- and right-moving parts exhibit distinct behaviors,
giving rise to unequal left- and right-flowing currents, see the
left inset in Fig. 3(b). In particular, there are several sharp
changes in the pumped charges, marked by the dotted lines at
U1 ≈ 29J and U2 ≈ 38J in Fig. 3. As we will argue below,
these abrupt changes are caused by the closing of specific
doublon channels.

In Figs. 4(a)–4(e), we focus on the first sharp change
at around U1 ≈ 29J , at which Q̄R markedly increases. We
use a minimal setup with two particles starting on sites j =
0 and j = 2. Figure 4(a) depicts the total energies of the
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FIG. 4. The figure is divided into two parts, (a)–(e) and (f)–(j), corresponding to the dotted lines at U1 ∼ 29J and U2 ∼ 38J in Fig. 3. In
both cases we examine values of U on both sides of the lines shown in Fig. 3 to highlight the contrast in the dynamics between a doublon
channel being open or closed. (a) Solid lines denote the energy of a doublon on site j and dotted lines correspond to pairs of singlons on sites
j and j + 2. The initial phase of the quasiperiodic potential is γ (0) = 0.4π and U = 28J < U1. Panels (b) and (c) depict the evolution of the
particle (nj) and doublon density (dj) starting from a pair of particles on sites j = 0 and j = 2, corresponding to the orange dotted line in (a).
The shaded area in (a) and the red boxes in (b) and (c) indicate the time window where the energy of the initially occupied channel crosses that
of the doublon on site j = 0. (f)–(j) Analogous plots around U ∼ 38J = U2 and γ (0) = 0.6π with two particles initially on sites j = −1 and
j = 1. For U = 36J < U2, long-lived doublons form in the left half of the system, but this is strongly suppressed for U = 40J > U2.

relevant channels: Dotted lines represent the energies of pairs
of singlons at sites j and j + 2 and solid lines represent the
total energy of doublon states when both particles occupy the
same site. Notably, for U < U1, these lines cross (shaded area)
during the pump cycle such that the pumping can convert a
pair of singlons into a doublon. Figures 4(b) and 4(c) show
the time evolution of the particle n j and doublon densities d j ,
with the red boxes highlighting the shaded time window from
Fig. 4(a). Figure 4(c) clearly shows that during the shaded
time, a doublon can form on site j = 0. This doublon then
persists on that site for about one pumping period, as it can
only dissociate at the next crossing of these levels one pump-
ing period later. For U > U1, in contrast, the relevant levels
do not cross anymore, and this doublon channel is closed.
As a result, the doublon formation gets strongly suppressed
and the pumping behavior changes entirely [see Figs. 4(d)
and 4(e)]. In the many-body case, the closing of this chan-
nel directly coincides with the marked increase in Q̄R shown
in Fig. 3.

An analogous effect can be found around the second line in
Fig. 3 at U ∼ 38J = U2, again using a minimal two-particle
model, see Figs. 4(f)–4(j). Here, the relevant channels are
again two singlons on sites j and j + 2, but in this case, their
energies cross with that of a doublon on the middle site j + 1.
For U � U2, we again observe the formation of doublons
that typically live for one pumping period, and the pumping

behavior changes drastically once the doublon channel be-
comes inaccessible for U > U2.

In both cases discussed, the doublon forms from two parti-
cles that are next-to-nearest neighbors and the channels differ
by where the doublon forms. There are several other channels
starting from nearest neighbors or particles even further apart,
but the closing of those channels does not give rise to signifi-
cant signatures in the many-body case.

IV. PUMPING OF A SINGLE DOUBLON

In order to further analyze the differences between the
different bands, we now move to a minimal model and explore
the pumping of a single doublon. While the single-particle
band structure is fully symmetric in energy, with the top and
bottom C = 1 bands behaving identically, finite interactions
break this symmetry and give rise to different behaviors for a
doublon in the top or bottom band. We initialize a doublon
on a site corresponding to the desired band by tuning the
initial phase γ and study the resulting pumping dynamics
for different repulsive interactions U � 0, see Fig. 5, where
the left, middle, and right columns correspond to the lower,
middle, and upper bands, respectively.

In the noninteracting case [Figs. 5(a), 5(e), and 5(i)], the
two particles are always pumped independently but identi-
cally and hence naturally remain together during the pump,
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FIG. 5. Illustration of the asymmetry in the stability of the dou-
blon pump depending on its initial energy. The time evolution of
the density is plotted for different values of U : U = 0, U = 4J ,
and U = 8J . Here, two particles are initially placed at the central
site for three initial values of γ (0) = 1.2π (a)–(c), 0.8π (e)–(g),
and 0.4π (i)–(k) that correspond to energies belonging to the lower
(C = 1), middle (C = −2), and upper (C = 1) bands, respectively,
for U = 0. We see that, in the presence of interactions, the pumping
of doublons in the lowest band remains stable, whereas it is unstable
for the middle and upper band. To explain the presence or absence of
stability in each case, we plot the energy channels formed by local
doublon (solid lines) and singlon (dotted lines) states in (d), (h), and
(l) for the parameters considered in (c), (g), and (k), respectively.
The arrows represent the path followed by the initial state during the
evolution. In the first case (lower band), the doublon successfully
adiabatically moves from one site to the next via a singlon state. In
the other two cases (middle and upper bands), the dynamics becomes
nonadiabatic and the doublon fails to move to the other site.

irrespective of the band. The very slight broadening of the left
moving cloud stems from the bare tunneling and is also visible
in Fig. 2(a).

In the interacting cases, in contrast, there is a significant
difference between the lowest band [Figs. 5(b) and 5(c)] and
the other two bands. In the lowest band, the interactions have,
for the chosen pump speed, no influence on the pumping and
the two particles are always pumped together. In the middle
and higher bands, in contrast, the interactions can lead to a
dissociation of the doublon and to backscattering, where one
particle gets scattered into a lower band and subsequently is
pumped in the opposite direction. Interestingly, this asym-
metry can lead to a decrease in total energy in this pumped
many-body system and is discussed further in Sec. V.

Similar to the previous discussion, this difference between
the bands can be understood by analyzing the energy channels
utilized by the two particles during the pumping, shown at the
bottom of Fig. 5. The initial state, i.e., a doublon on site j = 0,
is denoted by the green line. For the lowest band [Fig. 5(d)],
the doublon state first becomes resonant with the state of two
neighboring single particles at sites j = 0 and 1, plotted as
the red dotted line. This state subsequently becomes resonant
with the doublon state at site j = 1 (blue). For that given
pumping speed, these two transitions are adiabatic and hence
the doublon remains intact.

For a doublon in the middle band, in contrast, the situation
is reversed, and the doublon on site j = 0 directly becomes
resonant with a doublon on site j = −1, see Fig. 5(h). There-
fore, the transition is not a sequence of two single-particle
transitions but a direct two-particle transition. Since this is
not fully adiabatic, a fraction of the doublon initially re-
mains at site j = 0 and then subsequently dissociates into
two neighboring particles (yellow dotted line), of which one
now belongs to the lower C = 1 band. This changes the total
energy and, since the lower band is pumped in the opposite
direction, gives rise to the observed backscattering. The same
mechanism applies to the upper band (right column). Based on
our data and analysis, we expect that in a many-body system
this process of dissociation of doublons continues until there
are no doublons left in higher bands, see below.

We note that for attractive interactions, U < 0, the situ-
ation changes as the doublon states are shifted downwards
in energy instead of upwards. This changes the order of the
level crossings in the Figs. 5(d), 5(h), and 5(l). As a conse-
quence, the doublon pump in the upper band becomes stable
while isolated doublons in the middle and lower bands dis-
sociate during the pump, transmitting particles to the band
above. This occurs because for interaction U → −U and
phase γ (t ) → γ (t ) + π , the energy channels become mirror
reflections about zero E → −E .

V. ENERGY DECAY

In a periodically driven isolated many-body system one
normally expects Floquet heating, meaning that its total en-
ergy will generically rise with time [68,69] as the system
absorbs energy from the drive and heats up. Here, in contrast,
we observe an unusual energy decay. Examples of this energy
decay are shown in Fig. 6(a) and highlight that for intermedi-
ate interaction strength, U = 2J , 4J , and 8J , the energy drops
below the initial energy already on the simulated timescales.
These timescales match the times for the decay of the initially
created doublons shown in Fig. 6(b), demonstrating that the
underlying microscopic mechanism is directly related to the
decay of individual doublons discussed in Sec. IV.

Starting from the initial product state, bare tunneling gen-
erates some doublons during the first tunneling times [65], as
shown in Fig. 6(b), accompanied by an initial increase in the
total energy. As discussed in the previous section, for the given
pumping speed, doublons in higher bands are unstable under
the pumping, and will dissociate with one particle ending up in
a lower band. As a result, the total energy gradually decreases
until no doublons remain in higher bands.

235131-6



BREAKDOWN OF BOSONIC THOULESS PUMP DUE TO … PHYSICAL REVIEW B 113, 235131 (2026)

(a)

(b)

FIG. 6. Time evolution of (a) the total energy and (b) the total
doublon number starting from a product state [see Eq. (6)] with
N = 7 particles and � = 15J , averaged over 40 realizations. For
the noninteracting (U = 0) and hard-core boson (U/J = 50) cases,
the energy remains essentially constant, while it initially increases
in the presence of finite repulsive interactions. Interestingly, for all
interaction strengths, the total energy eventually starts to decrease
and, for weaker interactions (U = 2J , 4J , and 6J), decreases below
the initial energy already during the simulated time.

VI. CONCLUSIONS

In conclusion, we explored the effect of interactions on the
Thouless pump in a quasiperiodic system, the Aubry–André
model with on-site interacting bosons. The time period and the
strength of the quasiperiodic potential were chosen such that
the two first-order gaps in the single-particle spectrum con-
stitute the relevant energy scale. In the noninteracting limit,
this leads to quantized charge pumping in the three first-order
subbands with Chern numbers C = 1, −2, and 1.

We find that the pumped charge starts to deviate from the
quantized value already for weak interactions. This result is in
sharp contrast with studies of the noninteracting pump in the
presence of disorder, where the pump is extraordinarily robust

[12]. For intermediate interactions, we identified discrete dou-
blon channels that significantly influence the pumped charge,
leading to sharp changes at the points where these channels
close. At very large interaction strengths, where doublon for-
mation is strongly suppressed, the system enters the regime of
hard-core bosons and the quantized pump is recovered.

Finally, we demonstrated an interesting asymmetry where
the dynamics of an isolated doublon under the pump depends
on its initial energy and the sign of the interaction. For re-
pulsive interactions, doublons in the lowest band are pumped
stably. In the higher two bands, in contrast, the doublon pump
breaks down in the presence of repulsive interactions, and
the doublon dissociates by emitting a particle into a lower
band. This gives rise to a surprising decrease in total energy,
contrary to the typical expectation of Floquet heating. For
attractive interactions, the role of the bands is reversed and
particles get transferred towards higher bands.

Our results demonstrate the richness of pumped quasiperi-
odic systems and call for more comprehensive studies
exploring additional regimes of potential strength and pump-
ing speed in interacting systems. Topological pumping is not
only of fundamental interest, but the ability to deterministi-
cally move particles depending on their band is also a central
ingredient in recent proposals for quantum computers based
on ultracold fermions in optical lattices [70,71] and their con-
nectivity could be greatly enhanced by using more subbands.
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