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Characterizing resource states and efficient regimes of 
measurement-based quantum computation on NISQ devices

Computationally Universal Phases of Matter

• Mo#va#ng Ques#on: Can we experimentally demonstrate computa#on throughout the cluster phase and op#mal decoherence management techniques?

Measurement-based quantum computation

• Start: Robustly 
entangled state (cluster 
state): -1 eigenvalue 
state of 𝑋!∏"∈$(!)𝑍"  
on 𝑛	×	𝑚 grid.

• Operations: Adaptive 
one-qubit 
measurements

• Result: Arbitrary 𝑚-
qubit unitary.

Error mitigation

• Measurement Noise

• Zero Noise Extrapolation

State Preparation via VQE
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• Two levels of techniques
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slice into subrotations,

seperate operations
Optimize:

Optimal

• Variational ansatz for ground states of 𝐻(𝛼); first-order perturbation theory gives:
Ψ 𝜃 =	⨂'(cos 𝜃 𝐼' + sin 𝜃 𝑋')|𝒞⟩

• Respects ℤ(×ℤ( symmetry, reproduces (a form of) the phase transition, and exact 
for small system size. Minimizing Ψ 𝜃 𝐻 𝛼 Ψ 𝜃  w.r.t. 𝜃 yields target state.

• Symmetry and teleportation tricks reduce VQE circuits from 2𝑛 − 2 → 1&2 qubits!
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• Experiment: Observation of decreased loss in purity from splitting rotation

Ibm quebec

String Order = Computational Order
• Investigating ground states of:

𝐻 𝛼 = −cos(𝛼)∑'𝑍')*𝑋'𝑍'+* − sin 𝛼 ∑'𝑋'
• for infinite chains, ground states for 𝛼 < 𝜋/4 belong to the ℤ(×ℤ( cluster phase.
• Away from the cluster state, symmetry-breaking measurements induce logical 

decoherence. Action of 𝑍-rotation at site 𝑗 is given by:

𝒱, 𝛽 =
1 + 𝜈
2

exp −𝑖
𝛽
2
𝑍, +

1 − 𝜈
2

exp 𝑖
𝛽
2
𝑍,

• 𝜈 is the computational order parameter. Characterizes the logical fidelity of the 
rotation, and analytically equivalent to the string order parameter:

𝜎, = ⟨𝑍,𝑋,+*𝑋,+-…𝑋.)-𝑋.)*𝑍.⟩
• which can be measured to quantify finite MBQC resource states.

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

breaking rotation, and independently measure 𝜎 = ⟨𝑍𝑋𝐼𝑋𝑍⟩ and 
/ !"#

0 !"#
= 𝜈tan 𝛽  

to experimentally compare string order with computational order.
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