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Computationally Universal Phases of Matter
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 Motivating Question: Can we experimentally demonstrate computation throughout the cluster phase and optimal decoherence management techniques?

Measurement-based quantum computation String Order = Computational Order

Investigating ground states of:
H(a) = —cos(a) XiZ;_1XiZiy1 — sin(@) X X;
state): -1 eigenvalue for infinite chains, ground states for a < n/4.belong to the Z, XZZ cluster !ohase.
Away from the cluster state, symmetry-breaking measurements induce logical

state of X YA
! HbEN(a) . decoherence. Action of Z-rotation at site j is given by:
on n X m grid. 1+

. . V 1—v
Operations: Adaptive ¢ v v Vj[ﬁ] — exp (—i EZ]-) | exp (i EZ]-)

one-qubit . . - . 2 2. o
v is the computational order parameter. Characterizes the logical fidelity of the
measurements

, rotation, and analytically equivalent to the string order parameter:
Result: Arbitrary m- _
T 0 =(L:Xii1Xiy3 . Xy 3X,,_1Z,)
qubit unitary. / JOJHLT) S e e 3Tl
which can be measured to quantify finite MBQC resource states.
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Managing Logical Decoherence : X

Experiment: Prepare ground states, input logical state |+), perform symmetry-

Two levels of techniques (Yo
breaking rotation, and independently measure 0 = (ZXIXZ) and 2 = ytan(p)

é—‘—H @ @ @ @ to experimentally compare string order with computational order.
Experimental comparison of string order

and computational order, a =g
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.. slice into subrotations, —— Line with slope = SOP
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Experiment: Observation of decreased loss in purity from splitting rotation

Loss in purity vs. Rotation angle 8

Comparison of one (red) and two (blue) rotations, a = , , , , , , ,
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—— Theory Tangent of logical rotation angle tan(B)

Noisy Simulation
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State Preparation via VQE
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Variational ansatz for ground states of H(«); first-order perturbation theory gives:
(¥ (0)) = ®;(cos(0)]; +sin(0)X;)|C)
Respects Z, X7, symmetry, reproduces (a form of) the phase transition, and exact
—_— for small system size. Minimizing (Y (0)|H (a)|¥(0)) w.r.t. 8 yields target state.
04 06 08 10 12 14 Symmetry and teleportation tricks reduce VQE circuits from 2n — 2 = 1&2 qubits!
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Error mitigation

* Measurement Noise DD M=\ - noisy| = M |ideal]

* Zero Noise Extrapolation
B=mx0.50
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® Raw Data
--- Quad Raw Fit --- Quad MeasCal Fit
Exp Raw Fit --- Exp MeasCal Fit

Gaussian Raw Fit --- Gaussian MeasCal Fit (X) Of encoded qublt VS. Interp0|ati0n o
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