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Quantum systems with strong long-range interactions are thought to robustly resist
thermalization because their energy spectra organize into a discrete number of mul-
tiplets. We show that this non-thermal behavior is surprisingly fragile to an experi-
mentally ubiquitous perturbation: a staggered magnetic field. Using self-consistent
mean-field theory and exact diagonalization, we reveal that the energy spectrum,
while composed of discrete subspaces or multiplets, collectively forms a dense spec-
trum. For initial states at low to intermediate energies, the long-time average aligns
with the microcanonical ensemble. However, for states in the middle of the spec-
trum the long-time average depends on the initial state due to quantum scar-like
eigenstates localized at unstable points in classical phase space. Our results can be
readily tested on a range of experimental platforms, including Rydberg atoms or
optical cavities.
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Quantum systems with strong long-range interactions are thought to resist thermalization due to their discrete
energy spectra. We show that applying a staggered magnetic field to a strong long-range Heisenberg antifer-
romagnet restores thermalization for a large class of initial states by breaking permutational symmetry. Using
self-consistent mean-field theory and exact diagonalization, we reveal that the energy spectrum, while composed
of discrete subspaces, collectively forms a dense spectrum. The equilibration time is independent of system size
and depends only on the fluctuations in the initial state. For initial states at low to intermediate energies, the
long-time average aligns with the microcanonical ensemble. However, for states in the middle of the spectrum
the long-time average depends on the initial state due to quantum scar-like eigenstates localized at unstable
points in classical phase space. Our results can be readily tested on a range of experimental platforms, including
Rydberg atoms or optical cavities.

Introduction.— A central challenge in non-equilibrium
quantum physics is to understand the mechanisms by which
isolated quantum systems approach thermal equilibrium. In
many instances, the Eigenstate Thermalization Hypothesis
(ETH) provides a successful framework for explaining how
systems thermalize [1–3]. However, there are exceptions to
ETH where thermalization in many-body systems fails, for
example due to many-body localization [4–9], Hilbert-space
fragmentation [10, 11], and integrability [12–14].

Quantum systems with strong long-range (LR) interactions
– where the interaction strength decays as 1/rα with α < d
(d is the dimension) [15, 16] – have been shown to violate
several principles that ensure thermalization in short-ranged
systems, such as locality, ensemble equivalence, and additiv-
ity [17–20]. In the literature, two main mechanisms have been
put forward to explain why these systems fail to equilibrate.
First, strong long-range interactions lead to a discrete energy
spectrum in the thermodynamic limit [21, 22], with energy
gaps protecting metastable states whose lifetimes grow with
system size [23–25]. Second, the permutational symmetry in
the fully-connected limit partially persists for 0 < α < d, in-
ducing structure in the eigenstates, effectively violating ETH
and hindering thermalization [26–28].

Previous work has predominantly focused on how the range
of interactions α affects thermalization [22, 24–32]. More
recently, it has been shown that reducing the symmetry of
initial states can lead to long-time coherent oscillations [33]
and super-exponential scrambling dynamics [34]. However,
whether thermalization can be restored – independent of in-
teraction range α – by reducing the symmetry at the level of
the Hamiltonian remains an exciting and experimentally rele-
vant open question.

In this letter, we demonstrate that a staggered magnetic field
can restore thermalization in a long-range Heisenberg antifer-
romagnet for a large class of initial states by breaking full per-
mutational symmetry. Using self-consistent mean-field the-
ory and exact diagonalization, we show the spectrum con-
sists of N2 discrete subspaces, where N is the system size.
Collectively, they form a dense spectrum. Equilibration pro-
gresses through three distinct dynamical stages: (i) oscillatory
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FIG. 1. Dynamics of a LR Heisenberg antiferromagnet. (a) Illus-
tration of the system (1); a spin chain with two sublattices A (red) and
B (blue) coupled via power-law interactions. (b) Bloch sphere repre-
sentation of a mixed Néel state (2), parametrized by angle θ and un-
certainty σ in the orientation (increasing from red to blue). (c) Time
evolution of the observable ⟨nz⟩ = (⟨Sz

A⟩ − ⟨Sz
B⟩)/N , for mixed

Néel states (2), features three distinct dynamical stages: mean-field
pendulum-like oscillations at short times, periodic revivals, and even-
tual equilibration on average to the microcanonical ensemble (dashed
lines). Results are obtained via exact diagonalization of Eq. (3) with
J/h = 5, N = 500, α = 0, and σ = 10−2.

mean-field dynamics resembling classical pendulum motion,
(ii) intermediate-time equilibration with periodic revivals, and
(iii) long-time equilibration on average. In stark contrast with
permutationally-invariant LR systems, the equilibration time
is independent of system size and depends only on the fluctua-
tions in the initial state. For initial states at low to intermediate
energies, the long-time average aligns with the microcanoni-
cal ensemble, indicating thermalization. However, for states
close to the energy dividing bound and free trajectories in clas-
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Fig. 1: Dynamics of a LR Heisenberg antiferromagnet.(a) Illustration of the sys-
tem; a spin chain with two sublattices A (red) and B (blue) coupled via power-law
interactions. (b) Mixed Néel initial states (angle θ , spread σ ). (c) ⟨nz⟩ shows
pendulum-like oscillations, revivals, and long-time equilibration to the mircocanon-
ical ensemble (dashed). Parameters: J/h = 5, N = 500, α = 0, σ = 10−2.
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