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Constraints in the dynamics of quantum many-body systems can dramatically alter transport properties
and relaxation timescales even in the absence of static disorder. Here, we report on the observation of such
constrained dynamics arising from the distinct mobility of two species in the one-dimensional mass-
imbalanced Fermi-Hubbard model, realized with ultracold ytterbium atoms in a state-dependent optical
lattice. By displacing the trap potential and monitoring the subsequent dynamical response of the system,
we identify suppressed transport and slow relaxation with a strong dependence on the mass imbalance and
interspecies interaction strength, consistent with eventual thermalization for long times. Our observations
demonstrate the potential for quantum simulators to provide insights into unconventional relaxation
dynamics arising from constraints.
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I. INTRODUCTION

The fundamental understanding of thermalization and its
failure in isolated quantum many-body systems has seen
remarkable progress in recent years, driven both by novel
theoretical concepts [1–4] and emerging experimental
platforms for quantum simulations such as ultracold atoms,
trapped ions, and superconducting qubits [5–7]. The
simplest approach to the problem is to posit the two
distinct classes of ergodic and nonergodic dynamics. In
the former case, fast relaxation to a local equilibrium is
followed by slow thermalization of globally conserved
quantities according to the laws of hydrodynamics [8–11].
By contrast, nonergodic dynamics can arise in systems with
a large number of conserved quantities, as exemplified by
many-body localization in strongly disordered quantum
systems [12–15] that retain their memory of an initial state
for arbitrarily long times [16–18].

Recent experimental and theoretical investigations of
nonequilibrium dynamics in isolated quantum many-body
systems, however, suggest considerable refinements to this
classification. For instance, Rydberg quantum simulators
have observed surprising oscillatory dynamics in the block-
ade regime [19,20], and the slow late-time dynamics of
fractonic quantummatter with constrained excitations [21] is
described by substantially modified hydrodynamic equations
[22–24]. Furthermore, interacting mixtures of heavy and
light particles [see Fig. 1(a)] have even been proposed to
feature a dynamical type of many-body localization arising
from the heavy particles acting as a form of disorder for the
light ones [25–28]. Although subsequent studies have
suggested that such heavy-light mixtures are ergodic and
do thermalize at late times, the relaxation of initial non-
equilibrium states is expected to be unconventionally slow
[27,29–32]. This is a direct consequence of the strongly
constrained motion in the presence of mass imbalance and
interactions. However, since such heavy-light mixtures are
particularly challenging to simulate with classical resources,
these theoretical studies do not entirely agree on the exact
properties of relaxation [30–32], which underlines the
importance of experimental evidence. Crucially, this phe-
nomenology connects to the general question of how
dynamical constraints can introduce slow equilibration
and nonergodicity in quantum many-body systems [33–38].
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In this work, we experimentally study the nonequili-
brium dynamics of a heavy-light mixture with an ultracold
quantum gas of 171Yb atoms in an optical lattice. Our
experiment realizes the strongly mass-imbalanced Fermi-
Hubbard model in one dimension (1D), as illustrated in
Fig. 1(a). In addition to the 1S0 ground state (denoted jgi),
the alkaline-earth-like atom 171Yb features the metastable
3P0 excited state (denoted jei), often referred to as the clock
state [39]. We harness a state-dependent optical lattice
(SDL) [40] to introduce different timescales for the hopping
of atoms in jgi and jei taking on the role of light and heavy
particles, respectively. Our system is harmonically con-
fined, and we gradually displace the trap minimum with the
help of an additional optical potential to probe the transport
dynamics of the light species [see Fig. 1(b)]. Measuring the
dynamics of the atomic cloud, we find relaxation at late
times as a signature of ergodicity for all finite interaction
parameters. However, this relaxation becomes slow com-
pared to conventional timescales for strong interactions
and large mass imbalance. Our observations cannot be
explained by a mere reduction of the mobility for the heavy
species alone, but rather they can be understood as
emergent properties from the constrained many-body
dynamics. Numerical simulations based on matrix-product
states and exact diagonalization support our findings.

II. EXPERIMENT

Our experiment begins with a Fermi gas of 171Yb
atoms in a balanced mixture of the two nuclear spins
jmF ¼ −1=2i≡ j↓i and jmF ¼ þ1=2i≡ j ↑i in the
ground state jgi. In the initial optical dipole trap, we
prepare a total of approximately 104 atoms at a temperature
of T ≃ 0.15TF, with TF the Fermi temperature. The weakly
interacting spin mixture is loaded from the optical dipole
trap into the ground band of a two-axes, approximately
30Em

rec deep, state-independent lattice operated at the magic
wavelength (λm ¼ 759.3 nm) [41] and a VL ¼ 6.9ð3ÞErec
deep SDL (λ ¼ 671.5 nm) along the third axis. Here,
Em
rec ¼ h × 2.0 kHz and Erec ¼ h × 2.6 kHz are the recoil

energies of the corresponding lattice photons. The atoms
are nonuniformly distributed across the array of
decoupled 1D systems (tubes) generated by the
perpendicular state-independent lattices. We estimate
that approximately 300 tubes are considerably filled
with a mean atom number of N ≃ 18 per spin state and
standard deviation ΔN ≃ 8. In a typical tube, the atoms
are spread over a system size of l ≈ 30 lattice sites (root-
mean-square width) [42].
Shortly after loading the lattices, we use a 0.17-ms-long

clock laser pulse to selectively drive atoms from jg ↑i to
je ↑i. This suddenly introduces a distinct hopping ampli-
tude tH ≃ h × 5 Hz ≪ tL for the clock state atoms in
je ↑i≡ jHi (heavy). Here, tL ≃ h × 105 Hz is the
unaltered hopping amplitude of the remaining ground-
state atoms in jg↓i≡ jLi (light). The ratio of the
hopping amplitudes and the associated mass imbalance
is determined by the different lattice depths VL and VH ¼
3.06ð4ÞVL experienced by jLi and jHi atoms in the
SDL [42]. We ensure that the mixture initially remains
noninteracting by ramping the magnetic field to the zero
crossing of an orbital Feshbach resonance at approximately
1533 G [42,58] before the excitation pulse. Finally, we
lower the SDL depth to adjust the hopping ratio tH=tL and
slowly ramp the magnetic field to 1400–1600 G in
accordance with the desired interaction strength. We note
that the fraction of doublons as a critical property of the
initial state only weakly depends on the chosen interaction
parameter [42]. After the state preparation procedure, we
translate the minimum of the trapping potential along the
tubes by slowly turning on a displaced, state-independent
dipole trap, which initiates the transport dynamics.
Following the subsequent evolution, we rapidly ramp up
the SDL to VL ≈ 15Erec, which freezes the motion of light
and heavy atoms. We then turn off the magnetic field and
record the density of the light atoms with in situ absorption
imaging and determine the fraction transported to the new
trap minimum [see Fig. 1(b)]. Our imaging intrinsically
integrates along one axis of the system, which averages the
measurement over an ensemble of tubes with different atom
numbers [42].
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FIG. 1. Transport in the mass-imbalanced Fermi-Hubbard
model. (a) Illustration of the mass-imbalanced Fermi-Hubbard
model with on-site interaction U and hopping tL ≫ tH of the light
(blue circles) and heavy (red circles) particles, respectively. We
also show the atomic states relevant for the experimental imple-
mentation. (b) Schematic representation of the different steps in our
transport measurement (top row) and integrated densities of the
light atoms (bottom row) from experimental snapshots. (c) Scenario
for the transient regime following a quench in the mass-imbalanced
Fermi-Hubbard model for a variable inverse hold time (vertical
axis). Here, the dashed line marks the crossover between uncon-
ventional relaxation dynamics at early times (question mark) and
diffusion at late times. The orange arrows indicate a trajectory in
the regime of our experiment.
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III. MODEL

Each tube in our experiment is described by a 1D Fermi-
Hubbard model with mass imbalance,

Ĥ ¼ −
X

i;α∈fL;Hg
tα½ĉ†iαĉðiþ1Þα þ H:c:�

þ U
X
i

n̂iLn̂iH þ κ

2

X
i;α∈fL;Hg

ði − i0Þ2n̂iα: ð1Þ

Here, ĉiα (ĉ
†
iα) denotes the fermionic creation (annihilation)

operator for a light (α ¼ L) or heavy (α ¼ H) atom, n̂iα ≡
ĉ†iαĉiα the corresponding number operator, tα the hopping
amplitude of each species, and U the on-site interaction.
The harmonic confinement is determined by the trap mini-
mum i0 and strength κ ¼ mω2d2 ¼ h × 3.1ð1Þ Hz, with
atomic mass m, trapping frequency ω¼2π×40ð1ÞHz, and
lattice spacing d ¼ λ=2.
For a completely frozen heavy species (tH ¼ 0), the

Hamiltonian Ĥ decouples into single-particle terms for the
light species. In this limit, known as the Falicov-Kimball
model for κ ¼ 0 [59], the heavy particles only contribute as
an effective binary disorder potential giving rise to single-
particle localization [60]. Previous experiments have
employed binary mixtures of bosons to probe such a regime,
with disorder formed by a fully localized species [61].
In contrast, we study a system of two mobile species with
distinct hopping amplitudes tL ≫ tH > 0 [see Fig. 1(c)],
realizing two strongly differing but finite scales in the
Hamiltonian. For finite interaction strength jUj > 0, numeri-
cal simulations have suggested that the resulting dynamical
constraints can lead to anomalous transport and unconven-
tionally slow thermalization with a nontrivial dependence on
the parameters of the model [27,29–32]. At late times, this
behavior is expected to be superseded by diffusive transport,
as shown in Fig. 1(c). Interestingly, for large interactions and
strongly differing masses, the crossover timescale is
expected to become extraordinarily large—a genuine
many-body effect [42]. In the following measurements,
we probe the nature of this transient regime at different
times with parameters tH=tL ≳ 0.1 and jUj=tL ≲ 10.

IV. LOCALIZED SINGLE-PARTICLE STATES

In a first reference measurement, we characterize the
single-particle physics originating from the harmonic con-
finement κ > 0 in our experiment. It gives rise to single-
particle localized eigenstates at the edge of the trap, a
phenomenon studied in Refs. [62–67]. These Wannier-
Stark-localized states occur because of the finite gradient
∂iĤ ¼ κði − i0Þn̂iα between neighboring lattice sites [68].
To experimentally probe this effect, we prepare a clean
sample of noninteracting light atoms by employing a short
resonant “push” pulse that removes all jg ↑i atoms.
Subsequently, we measure the response to a linear

translation of the trap minimum as shown in Fig. 1(b).
Here, the trap minimum is displaced by Δx=d ¼ i1 − i0 ¼
47ð3Þ within time 90ð5Þℏ=tL, and we consider variable
κ=tL by adjusting the SDL depth in the range
0.69ð3Þ–11.8ð5ÞErec.
For all finite lattice depths, we observe a separation of

the atoms into two clouds, one close to the initial trap
minimum i0 and one at the final trap minimum i1, as visible
in the insets of Fig. 2(a). We quantify this by determining
the number of atoms in the right half of the system Nr,
which corresponds to i ≥ i0 þ Δx=ð2dÞ, and compare it to
the total number of atoms N. When measuring Nr before
the displacement of the trap minimum, we find a nearly
constant value of approximately 10%, which we attribute to
our finite imaging resolution and a small extent of the initial
cloud into the counting region. In Fig. 2(a), we plot the
fraction of transported atoms, Nr=N, which is exponen-
tially suppressed for increasing confinement strength. This
significant reduction of mass transport in the system results
from the properties of the single-particle eigenstates, which
are visualized in Fig. 2(b). In general, eigenstates with
energies En ∈ ½−2tL; 2tL� are delocalized across the trap
with a nonzero probability density at the center. This
behavior changes dramatically for energies En > 2tL cor-
responding to localized states, in which atoms cannot
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FIG. 2. Wannier-Stark localization in the absence of inter-
actions. (a) Fraction of light atoms Nr=N transported to the right
half of the system (blue circles) in the absence of heavy atoms and
for variable confinement κ=tL determined by the lattice depth VL.
Each point is the average of 2–5 measurements, and error bars
indicate the uncertainty of κ=tL (partly smaller than the marker
size). The solid line corresponds to our numerical calculation [42],
and the insets show raw atomic column densities for κ=tL ¼
1.7ð1Þ × 10−2 and 9ð1Þ × 10−2 with the dashed lines indicating
the boundary that determines the atom countNr in the right half of
the system. (b) Probability density jΨnðxÞj2 and eigenenergy
En=tL of the lowest-lying single-particle eigenstates for VL ¼
9Erec (κ=tL ¼ 4.9 × 10−2). We add a small linear potential to lift
the degeneracy of the localized states.
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efficiently follow the displaced trap minimum. Crucially,
the number of states with En ≤ 2tL is reduced as we
increase κ=tL, and therefore, a larger number of localized
states becomes occupied in each tube. This explains the
observed suppression of Nr=N, which we also reproduce
with a theoretical calculation [42] of the experimental
protocol [see Fig. 2(a)].

V. INHIBITED TRANSPORT AT EARLY TIMES

Next, we probe how interactions with the heavy species
modify the mobility of the light atoms. For this measure-
ment, we set the interaction strength U=tL ∈ ½−20; 5�, a
range accessible via magnetic-field tuning of the orbital
Feshbach resonance, and choose the fixed hopping ratio
tH=tL ≃ 0.1 and confinement κ=tL ≃ 1.7 × 10−2 by ramp-
ing the SDL to 4.7ð2ÞErec. Here, the confinement κ=tH ≃
10κ=tL ¼ 1.7 × 10−1 suggests that most heavy atoms
occupy single-particle localized states according to our
previous measurement in the noninteracting regime [see
Fig. 2(a)]. However, in the presence of interactions, several
of these states delocalize in analogy to the suggested critical
gradient required for localization of the interacting
Wannier-Stark ladder [63,69–72]. We numerically verify
this for our mass-imbalanced case and finite but weak
interactions. Here, we find a central trap region of approx-
imately 30 lattice sites, in which the heavy atoms already
become mobile during state preparation [42]. Thus, a
significant fraction of the system will be responsive to
the displacement of the trap potential.
In analogy to our first measurement, we again determine

the fraction of transported atoms after displacing the trap
minimum by 47ð3Þd within time 92ð5Þℏ=tL. As we increase
the interaction strength jUj=tL, we find a substantial
reduction of the transported fraction Nr=N up to a factor
of 2 compared to U ¼ 0 (see Fig. 3). The behavior for
attractive (U < 0) and repulsive (U > 0) interactions is
almost identical, resulting from a similar initial state [42]
and the dynamical symmetry of our model in the limit
κ ¼ 0 [73]. We find that the most significant change in the
fraction of transported atoms occurs for interaction energies
jUj=tL < 2, whereas the signal saturates and remains nearly
constant at a low value for jUj=tL > 4. To support our
experimental data, we perform matrix-product-state simu-
lations for the Fermi-Hubbard model described in Eq. (1)
and a simplified version of the experimental protocol [42].
As shown in the inset of Fig. 3, the extracted Nr=N curve
agrees qualitatively with the experiment. Quantitative dis-
agreement is expected due to the significantly lower atom
number in the simulation, N sim ¼ 5 ≪ N .
In our measurement, the apparent suppression of trans-

port results from the constraints in the dynamics of the light
atoms arising from interactions with the heavy species, as
explored in Fig. 1(c). We emphasize that this measurement
primarily probes the early-time dynamics on the timescale
ℏ=tH since the system is effectively frozen and fully

separated towards the end of the gradual displacement
over the relatively large distance Δx=d ≃ 47, which
exceeds the typical system size l ≈ 30 (see bottom panels
of Fig. 3).

VI. SLOW RELAXATION AT LATE TIMES

We now turn to the dynamical response of the heavy-
light mixture and investigate whether light atoms, remain-
ing close to their initial position during the trap translation,
relax towards the final trap minimum at much later times.
Such dynamics lead to signatures in the in situ density,
which we systematically record for a variable hold time.
Here, we reduce the displacement to Δx=d ≃ 20 < l while
keeping the speed of approximately 0.5dðtL=ℏÞ unchanged
to ensure that the system remains connected and a signifi-
cant fraction of the heavy atoms are mobile over the
traversed distance. The relaxation dynamics can be cap-
tured by quantifying the change of the in situ density
distribution between the initial state after the translation of
the trap minimum at a hold time τ ¼ 0 and later times
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FIG. 3. Constrained early-time dynamics in the interacting
heavy-light mixture. Fraction of light atoms Nr=N transported
to the right half of the system (blue markers) for variable heavy-
light interaction strengthU, fixed hopping ratio tH=tL ¼ 0.104ð7Þ,
and confinement κ=tL ¼ 1.7ð1Þ × 10−2. Each point is the average
of 3–4 measurements, and error bars (partly smaller than the
marker size) denote the standard error of the mean ofNr=N and the
uncertainty of U=tL. The bottom panels show raw atomic column
densities for U=tL ¼ −4.8ð4Þ, 0.02(4), and 2.9(2) (from left to
right, hexagonal markers), with the dashed lines indicating the
boundary that determines the atom count Nr in the right half of the
system. The inset of the main panel shows the numerical matrix-
product-state simulations of a single tube with the Hubbard
parameters and confinement strength of the experiment, and
N sim ¼ 5 atoms of each species.
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0 < τ ≲ 400ℏ=tL. To this end, we introduce the density
deviation observable,

δnðτÞ ¼
�Z

dxnðx; τÞ½nðx; τÞ − nðx; 0Þ�2
�ð1=2Þ

; ð2Þ

which is obtained from the density of the light atoms
integrated perpendicularly to the transport direction x and
normalized such that

R
dxnðx; τÞ ¼ 1. For a slow relaxation

of the density, this observable grows monotonously with
increasing τ, whereas a constant δnðτÞ indicates a stationary
state of the system.
We probe the influence of the interaction strength on the

dynamics by measuring the density deviation for tH=tL ≃
0.1 and U=tL ≃ 0, −2, −10, as shown in Fig. 4(a). First, we
focus on the noninteracting time trace with U=tL ≃ 0,
which shows transient dynamics of δnðτÞ at early times
for both hopping ratios. These large-amplitude transients
are quickly damped due to contributions from different
eigenstates. For later times τ ≳ 100ℏ=tL, the density
deviation reaches an almost stationary signal, which we
also expect from our numerical calculation.
For finite interaction strengths, we find a contrasting

behavior with a monotonously increasing density deviation
δnðτÞ for τ > 0. In this regime, the integrated atomic
densities nðx; τÞ show that the light atoms drift towards
the final trap minimum at late times [see panels right of
Fig. 4(a)]. To extract the timescale of the associated
relaxation dynamics, we fit the experimental data to the
function δnðτÞ ¼ að1 − e−τ=τ0Þ þ c, with the exponential

decay constant τ0 and parameters a, c. For U=tL ≃ −2, we
find good agreement between the fitted function and the
experimental data with τ0 ¼ 85ð17Þℏ=tL. In contrast, for
the larger interaction strength U=tL ≃ −10, the fit param-
eters a and τ0 take unreasonably large values, yielding a
linear curve. Until τ ≈ 100ℏ=tL, the measured density
deviation grows far less compared to the case with
U=tL ≃ −2. To compare the dynamics for the two inter-
action strengths, we fit the measured density deviation to a
linear curve for early times τ ≤ 101ℏ=tL [42]. Here, we find
the linear slope 2ð2Þ × 10−6tL=ℏ forU=tL ≃ −10 compared
to 13ð2Þ × 10−6tL=ℏ for U=tL ≃ −2. The significantly
smaller linear slope illustrates the emergence of unconven-
tionally slow dynamics for strong interactions.
To demonstrate that the slow relaxation stems from

dynamical constraints induced by mass imbalance, we also
measure the density deviation for the significantly larger
tH=tL ¼ 0.34ð3Þ. For this value of the hopping ratio, the
transient regime of unconventional relaxation is expected
to be significantly shorter than for the larger ratio studied
previously, as illustrated in Fig. 1(c). By changing the
wavelength of the SDL to λ0 ¼ 690.1 nm such that
VH ¼ 1.97ð5ÞVL, we realize parameters closely matching
our first measurement, apart from the hopping ratio
tH=tL [42]. Because of this, the confinement strength κ=tL≃
1.7 × 10−2 also remains unchanged, ensuring directly com-
parable systems, in particular, regarding Wannier-Stark-
localized states of light atoms. As shown in Fig. 4(b), for
U=tL ≃ 0 and −2, the time-dependent behavior remains
largely similar to the previous measurement. However, the

0 100 200 300 400
Hold time ( )tL

0

1

2

3

n(
)(

10
)

−
3

(a)

U tL 0.0(1) −1.9(3) −10(1)

0 100 200 300 400
Hold time )( tL

0

1

2

3

n(
)(

10
)

−
3

(b)

0 10 20 30 40

t( )H

0 35 70 105 140

t( )H

0

20x d

0

50

100
U tL = − 9.7(7) t( )L

330(14)
0

−50 i0 i 1 50
x d( )

0

50

100
U tL = 0.02(4) t( )L

330(14)
0

C
ou

nt
(

)
N

x

FIG. 4. Late-time relaxation dynamics. Density deviation δnðτÞ of the light atoms with respect to the initial atom distribution after
translating the trap minimum by Δx [see Eq. (2)], for a variable hold time τ > 0, as illustrated in the bottom-right schematic of panel (b).
The time traces correspond to three heavy-light interaction strengths (see legend) with (a) tH=tL ¼ 0.102ð6Þ and (b) 0.34(3). Each data
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error of δnðτÞ, determined from jackknife resampling [42]. The colored lines show exponential fits, as discussed in the main text, and in
panel (a), a three-point moving average for U=tL ≃ −10 as a guide to the eye. We show our numerical calculation for U ¼ 0 as a gray
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time trace for U=tL ≃ −10 now only differs negligibly from
the one for weaker interactions. From the numerical fit of
δnðτÞ, we extract similar decay constants τ0 ¼ 120ð22Þℏ=tL
and 138ð26Þℏ=tL for the two interaction strengths U=tL ¼
−2 and −10, agreeing with our qualitative observation. The
experimental data for tH=tL ≃ 0.3 confirm a strong depend-
ence of the relaxation dynamics on the interaction strength
and mass imbalance between the heavy and light particles.
Hence, the unconventionally slow transport emerging in our
system can be ascribed to genuine many-body effects.
This observation is further supported by considering

the limit of strong interactions and mass imbalances much
larger than probed experimentally. In this regime, small-
scale numerical calculations predict a pronounced change
in the relaxation dynamics of a density modulation, setting
in at the timescale τ̄ ∼ ℏU=t2H (valid for U ≫ tL) [31]. This
timescale arises from the collective motion of a bound state
comprised of two heavy particles on neighboring sites and a
light one delocalized over these sites [27]. However,
we find numerical evidence that a noticeable change of
dynamics at τ̄ vanishes with increasing system size for
moderate hopping ratios tH=tL ≥ 0.01 [42]. These findings
are consistent with the experimentally observed relaxation,
which does not exhibit prominent features at τ̄. The smooth
relaxation dynamics in larger systems could potentially
originate from an increased relevance of the many-body
medium and a hierarchy of relaxation timescales. Such a
hierarchy would emerge from N-body bound states con-
sisting of (N − 1) heavy particles and one light particle,

only becoming mobile at the timescale ℏUtðN−3Þ
L =tðN−1Þ

H .
We briefly comment on how experimental imperfections

could also drive the relaxation of δnðτÞ in addition to the
closed system dynamics of Eq. (1). Most notably, we
expect the mobility of the light species to increase from the
small loss of heavy atoms, which becomes appreciable
for τ ≫ 100ℏ=tL and reaches up to approximately 20% at
τ ≃ 400ℏ=tL [42]. However, these losses should be mostly
independent of U=tL since the dominant dissipation proc-
ess is the off-resonant scattering of SDL photons. By
contrast, our data show a strong interaction dependence.
Thus, we conclude that the distinct features of the time
traces cannot be explained by dissipation.

VII. DISCUSSION AND OUTLOOK

We have characterized the density dynamics of the mass-
imbalanced Fermi-Hubbard model after a gradual change
of the external trapping potential, which can be summa-
rized as follows. First, our data show relaxation of the
density for all finite interaction parameters and hopping
ratios at late times. Second, for the strongest interaction
U=tL ≃ −10 and smallest hopping ratio tH=tL ≃ 0.1 probed
in our experiment, the system relaxes much slower as a
result of the dynamical constraints induced by the heavy
species. Comparing this observation to the much faster

relaxation for U=tL ≃ −2 shows that the slow, emergent
timescale must involve many-body effects. Thus, our
experimental platform gives access to a particularly inter-
esting class of unconventionally slow dynamics that exist in
the absence of static disorder and can be controlled solely
by interactions.
In future experiments, variable-wavelength density mod-

ulations could provide an ideal setting to directly study
anomalous transport in this system. Moreover, it would be
particularly interesting to investigate the effect of integra-
bility on transport in the one-dimensional, mass-balanced,
Fermi-Hubbard model and explore the weak breaking of
integrability by only slightly detuning the hopping ampli-
tudes of the two species. Our work also motivates the
experimental study of transport in other strongly con-
strained states of quantum matter, which can be found in
Rydberg-blockaded systems, strongly tilted lattices, and
realizations of lattice gauge theories [19,24,37,38,74,75].
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