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Extended Data Fig. 1 | Application of local detunings. a, In addition to the 
SLM used for atom trapping, a second SLM generates a set of superimposed 
tweezers that can apply arbitrary detuning profiles to the atoms. The pair  
of crossed AODs for local hyperfine control60 are not used in this work. b, A 
spin-echo sequence is used to measure and calibrate the differential AC Stark 
shift of the local detuning beams on the ground-state clock transition. Darker 
curves indicate a higher target detuning, weighted between 1 and 4, and the 
grey curves for unaddressed sites demonstrate negligible crosstalk between 
sites. The pattern here corresponds to a rotated version of the domains in the 
main text. c, Measured differential AC Stark shift of the 5S1/2 → 5P3/2 transition. 
Unless stated otherwise (e.g., in Extended Data Fig. 7), the laser amplitude used 
is 1, corresponding to  ≈ 160 μW per site and imparting an approximate light 
shift on the differential g r⟩ → ⟩∣ ∣  transition of δ0 = − 12(2) MHz. The amplitude  

is the square root of power relative to 160 μW. When sites are weighted, the  
total power imparted on the array remains constant but is proportionally 
redistributed. d, The local detunings are used to prepare deterministic 
checkerboard orderings, both for a single global order (left) or for domains with 
different orders (right). A site polarization of unity, measured at the start of the 
hold time for varying Δ/Ω, corresponds to ∣g ⟩ (∣r⟩) for addressed (unaddressed) 
sites, while  −1 corresponds to the flipped state. Note that at finite Δ/Ω, the 
polarization of ∣r⟩ sites  ≠ 1; at large Δ/Ω, mean-field shifts reduce the spin 
polarization of both ∣g ⟩ and r⟩∣  along the domain wall. e, Dependence of the site 
polarization on Δ/Ω in the bulk of the domain. As the local light shift becomes 
weaker relative to the global detuning, the probability of preparing g ⟩∣  sites 
decreases slightly.
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Extended Data Fig. 2 | Correlation lengths and structure factor. a, Structure 
factor S(k) calculated at early (left) and late (right) times. b, Radially averaged 
structure factor S(k) at early (left) and late (right) times for Δ/Ω = 2.0. The 
correlation length ξ is extracted by fitting S(k) to bξ π k ξ/ ( + 1)2 2 2 3/2. c, For early 
times, the squared correlation length ξ2 evolves linearly with time for all values 
of Δ/Ω tested. d, Dependence of ∂tξ2 on the distance from the quantum critical 
point. We find that the dynamics accelerate as the system is held closer to the 
phase transition. The departure from the theoretically expected scaling 

(dashed line) stands in contrast to the case with locally seeded domains in 
Fig. 3d and points to the possible role of finite-size effects due to boundaries for 
these global sweeps. e, Summary of the relationship between main observables 
used throughout the manuscript. By imaging the atoms, we obtain the local 
magnetization of the system, from which the local staggered magnetization is 
calculated. Other key observables are then derived from the local staggered 
magnetization.
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Extended Data Fig. 3 | Data collapse. a, The structure factor S(k, t) of the 
staggered magnetization, for different hold times, at Δ/Ω = 2.0. Inset: the 
structure factors collapse onto a single curve when the time axis is rescaled  
by the correlation length ξ(t) and the magnitude of the structure factor is 
rescaled by a time-dependent amplitude ξ2(t)b(t). b, At various values of  

Δ/Ω, the structure factors at different time (left) collapse onto a single curve  
(right). In this case, we show data for Δ/Ω = 3.0. c, We find a clear dependence of 
amplitude b on the nonequilibrium correlation length ξ, and that their relation 
is Δ-dependent. d, We further plot the dependence of amplitude b on hold time.



Extended Data Fig. 4 | Analysis details on domain wall dynamics.  
a, Convolution to calculate the coarse-grained-local staggered magnetization 
for each single shot. This is used to distinguish the bulk checkerboard orderings 
from the domain walls. Extremal values of 0 and 4 indicate the ideal coarse-
grained local staggered magnetization of either order while values of 1–3 
indicate deviations. b, Demarcation of domain wall boundaries and the bulk  
for the same shot as shown in a. Red (white) indicates the domain walls (bulk).  

c, Staggered magnetization radially averaged at each Manhattan distance from 
the center of the prepared square presented in Fig. 3. The radius is extracted  
as the dm at which the linearly interpolated ms crosses 0 (red lines). d, Sweeps  
to various end detunings for the motion of the zigzag domain wall shown in 
Fig. 4c. The acceleration of the dynamics near the QPT is also clearly supported 
for this shape of the domain wall. For both c and d, the left and right plots show 
data for Δ/Ω = 2.0 and Δ/Ω = 3.5, respectively. All data shown is for Ω/2π = 6 MHz.
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Extended Data Fig. 5 | Numerical simulations of locally prepared domains. 
a, TDVP simulations of coarsening dynamics observed when the system is 
initialized with a single square domain in the center (performed on a 15 × 15 
lattice). The initial state approximates the experimental state preparation in 
Fig. 3. b,c, The change in the radially averaged local staggered magnetization at 
Manhattan distances dm = 0, 2, 8 from the center of the injected square.  
As observed in Fig. 3e, the layer at dm = 2, closer to the domain boundary, 

changes order before dm = 0. We also find that similarly, the atoms in the bulk  
(dm = 8) remain in their initially prepared order. In these simulations, a slight 
acceleration in the dynamics is also observed on going closer to the phase 
transition. d, Simulation of the zigzag initial state described in Fig. 4 on a 16 × 15 
lattice. e, As in the experimental results, the locally curved points of the domain 
wall move towards the center of the domain while points with no domain-wall 
curvature remain stable. Colors follow those also shown in the inset of Fig. 4.



Extended Data Fig. 6 | Numerical simulations of the amplitude mode.  
a, Bond-dimension scaling of the energy gaps ΔE1, ΔE2 of the first two excited 
states above the ground state as a function of Δ/Ω, obtained via DMRG on  
a 10 × 10 lattice with (i) open boundary conditions (OBC), and (ii) periodic 
boundary conditions (PBC). b, Order-parameter dynamics at Δ/Ω = 2, of an 
initial state prepared with pinning fields δl/Ω = − 0.7, on a 10 × 10 lattice with 
OBC, simulated via TDVP with χ = 64, 128. c, Order-parameter dynamics at (i) 
Δ/Ω = 0, (ii) Δ/Ω = 1.15, (iii) Δ/Ω = 2, of an initial state prepared with pinning fields 

δl/Ω = − 0.7, on a 10 × 10 lattice with PBC, simulated via TDVP with χ = 64, 128 256. 
The order-parameter dynamics are well modeled as a damped harmonic 
oscillator, as shown by the fitting. d, Oscillation parameters (blue):  
(i) frequencies, (ii) damping rates, (iii) offsets, and (iv) amplitudes as a  
function of Δ/Ω, obtained from functional fits to the numerical simulations  
on a 10 × 10 PBC lattice with χ = 128 shown in c. The frequencies agree with the 
bulk (PBC) energy gaps for a 10 × 10 PBC lattice obtained in panel a(ii), and with 
the oscillation frequencies for a 8 × 8 PBC lattice, for comparison.
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Extended Data Fig. 7 | Effect of applied local detunings on the Amplitude 
mode. a, Amplitude mode oscillations in the disordered phase at Δ/Ω = 0.  
The magnitude of the applied local detunings is varied as a fraction of δ0 =  
− 2π × 12(2)MHz ≈ − 4Ω (see Extended Data Fig. 1c). b, “Higgs”-mode oscillations 
for varying magnitudes of the local detunings at Δ/Ω = 1.1. Note that for a and b,  
the frequency extracted here for δ = 0.06δ0 ≈ − Ω/4 is plotted in yellow for 
comparison in Fig. 5. c-d, With decreasing magnitude of δ, we observe a 
decrease in the oscillation amplitude (c) and frequency (d). The dependence  

is more pronounced closer to the phase transition. This behaviour can be 
qualitatively captured by considering the anharmonicity of the Landau mean- 
field potential in Eq. (13) as the phase transition is approached. e, As also seen  
in Fig. 5, the damping is stronger near the phase transition for both detunings.  
f, The oscillations at Δ/Ω = 1.1 are centered around finite ϕ0 suggesting a 
transition into the ordered phase at this value. The data shown here is taken  
for the same Ω as all other “Higgs”-mode oscillations, Ω/2π = 3.1 MHz.



Extended Data Fig. 8 | Amplitude mode after a sweep through the QPT. 
“Higgs”-mode oscillations are apparent in parallel to coarsening in multiple 
observables. The oscillations presented here are observed following the 
protocol described in Fig. 1, with Ω/2π = 3.8 MHz. Note that we fit the the 
oscillation after an initial decay on the time-scales less than a Rabi-cycle. 

Extracted frequencies are consistent across observables. a, Oscillations  
of the magnetization ⟨ni⟩. b, c, d, Dynamics of the two-point correlation 
function in position space for various end detunings. We find that the 
two-point correlators exhibit oscillations at frequencies for various values  
of Δ/Ω that are consistent with the ground-state energy gap shown in Fig. 5.
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Extended Data Fig. 9 | Ordered-phase quenches and frequency doubling.  
a, Sweep profile for quenches into the ordered phase. Under a constant Rabi dive 
at Ω/2π = 6 MHz, the global detuning Δ is ramped from large negative values to 
large positive values deep into the ordered phase (Δ/Ω = 3.3). The local detuning 
δ is quenched off quickly over 50 ns. The global Δ is then also quenched down to 
varying final detuning values closer to the QPT. b, Oscillations of the staggered 
magnetization in the ordered phase following this preparation sequence.  

In agreement with the Landau mean-field picture, these oscillations occur 
around a nonzero value of the order parameter ms. Note that we fit the the 
oscillation after an initial decay on the time-scale less than a Rabi-cycle.  
c, Oscillations in the correlation length on top of a growing background. d, Ratio 
between oscillation frequencies extracted from the staggered magnetization 
(ω ms

) and the correlation length (ωξ). In the disordered phase, ω ω/ ≈ 2ξ ms
 while 

in the ordered phase, this changes to ω ω/ ≈ 1ξ ms
.



Extended Data Fig. 10 | Ratio between oscillation frequencies.  
a, Experimentally extracted oscillation frequency of the amplitude mode for 
the full data set shown in Fig. 5a of the main text. The frequency is plotted with 
respect to the distance from the critical point, Δc = 1.12 measured in11. We see 
closer agreement with the theoretically predicted factor, ω(−∣q∣)/ω(∣q∣) = 1.970–72  
than with the Landau mean-field ratio of 2 . However, deviations from both 

factors close to the phase transition are apparent. b, Numerical simulations 
using MPS methods on 10 × 10 sites with periodic boundary conditions 
described in Extended Data Fig. 6. We again see approximate agreement with 
the expected ratio, as well as deviations near the numerically determined 
critical point Δc = 1.0.




