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Extended DataFig. 5| Phase calibration for hybrid analogue-digital
experiments. a, Schematic of phase accumulationand correction throughout
hybrid analogue-digital circuit. While we typically prepareinitial dimer states,
we here consider aninitial state ++)forthe purpose of simplified explanation.
Blue and yellow lines show qubit frequency trajectories and coupling profile,
respectively, while brown (beige) boxes show the relative alignment of the two
spinsintheidle (resonance) frame. We apply corrective phases {¢, } before the
analogue circuitto ensure the correct dimer phasein the resonance frame
when the analogue Hamiltonianis turned on. Additional phases {w;t + ¢, ;} are
applied after the analogue evolutionin order to measure the same phaseinthe
idleframeaswasintheresonanceframe.b, {¢, } are calibrated by preparing
triplet states, sweeping the phase difference within each qubit pair, and
measuring the population difference after a variable time ¢. ¢, Population
difference after time ¢ for an applied phase difference ¢. Since only the dimer
phases 0 and mare eigenstates of the analogue Hamiltonian, the correct ¢ ; is
determined by minimizing the population oscillations. d, {w;} are calibrated by

performingadiabatic ground state preparation with aninitial staggered field
and aslow (25/g,,) ramp, and measuring the (XX) correlations a time t after the
ramp. e, Top: (XX) after time t when applying no corrective phase after the
analogueevolution. Since the low-energy final state isknown to have long-
range correlations, the observed oscillations can be fit to extract the time-
dependent partof the corrective phase after the analogue pulse. Bottom: (XX)
after time t when applying the corrective phase found from fitting the
oscillations. The near-constant value indicates asuccessful correction. f, {¢, }
arecalibrated by preparing aninitial dimer state, performing the same circuit
asinthe experimentwith corrective pre-analogue phases {¢), ;} and partial
post-analogue phases {w,t}, applying a variable phase ¢ to one qubitin each
pair,and measuring the (XX) correlations atime t after the ramp. g, Top: (XX)
after time ¢. Since the stateisknown to be the triplet state, the correct ¢, is
found from maximizing (XX) correlations. Bottom: Asacomplementary
technique, one can prepare the singlet state instead and find the ¢ that minimizes
variationsin{XX) correlations.
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Extended DataFig. 6| Correction forreadouterrorand photon decay.
Performance of various readout and photon decay correction techniquesasa
functionofa, readouterrorb, and photon decay probability. The performance
ismeasured as the relative error between the estimated energy (E.,,) and the
actual ground state energy (£,,). We find that the combined technique (red)
achievesthelowestrelative error for avery wide range of parameters.
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Extended DataFig.7 | Comparison of XX-and YY-correlations. Ramp time
dependence of (XX)and (YY) averaged over all nearest-neighbor pairs. The two
arefound to be verysimilar, consistent with U(1)-symmetry.
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Extended DataFig. 8| Energy density fluctuations. a, Inaddition to {X;}, {V}
and {Z;}, we measure 8 periodic patterns of XXand YYtofind g,. b, (XXYY) hasa
relatively simple dependence on Euclidean distance (data from measurements
shownina), which canbeinterpolated to find the remaining terms. ¢, Energy
density fluctuations, g,, displaying good agreement between experiment (red)
and simulation (blue); however, atlong ramp times, decoherence causes higher
fluctuationsin the experimental case.
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Extended DataFig. 9 |Isotropy of 4-qubit correlators. a, Dependence of
(X:X;Y,.Y,) onrelative position between centers of mass of sites (i,j) and (m, n),
showing asubstantial degree of isotropy. b, Angular dependence of (<X, X/V,,Y,),
displaying weak m-periodic oscillations that are most pronouncedin theregime
withlongest correlations. ¢, Comparison of radial interpolation (dashed black)
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withtheactual correlators at distance 5 (colored circlesinmain) and their
average (dashedredininset).d, Relative difference between radialinterpolation
and average of actual correlators, as afunction of ramp time. The errorisonthe
order of afew percent, and iscomparable to the statistical error (error bars
estimated frombootstrapping with 48,000 shots at each ramp time).
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Extended DataFig.10 | Correlationfitting.a,b, Dependence of (X,X;+ V}Y))/2 andb.d,e, Ramp time dependence of rms error in power-law fits (d) and
onEuclidean distance betweeniandjat various ramp times from experimental exponential fits (e) for various fit range cut-offs. Inset of d: Enlarged version

data (a) and simulation results (b). Inboth cases, we observe distortions at of areaindicated by red dashed square, showing abruptincreaseinerror for
longer (2 6 sites) distances, attributed to the finite size of our system. ¢, Root- fit-range cut-offs longer than 7 sites. f,g, Ramp time dependence of rms error
mean-square fit error for exponential (green) and power-law (violet) fits,asa ratio (f) and correlationlength (g). The drop in the fiterror ratio below 1is

function of the cut-off distance applied in the fits. Goingbeyond adistance of 6,  observed forallfitrange cut-offs shorter orequal to 7 sites (f), and the discrepancy
we observe asteepincreaseinthefiterror, arising fromthe effectsseenina from KZ-scaling (dashed black) persists for all fit range cut-offs (g).





