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5 qubits per 
site
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32 states per 
site|ϕ3 = − ϕmax + δϕ⟩ =

 scalar field theoryλϕ4

2

1
2

Π̂2
k +

1
2

m2 ̂ϕ2
k +

λ
4!

̂ϕ4
k

1
2 ( ̂ϕk − ̂ϕk+1)

2

Zhiyao Li  | University of Washington | IQuS
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Adiabatic State Preparation

|ψ1⟩ = e−iĤ(s1)δt |ψi⟩

s

λ(s)

λf = 10
|ψf⟩

|ψi⟩
s1

sn
Slowly turn on interaction
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Quantum Simulation

M. Möttönen, J. J. Vartiainen, V. Bergholm, and M. M. Salomaa, Physical Review Letters 93 (2004)

N. Klco and M. J. Savage, Phys. Rev. A 102, 012612 (2020)

Map the scalar field onto finite Hilbert spaceDigitization

Free Theory State Preparation

Adiabatic Time Evolution

Circuit Construction

Error Mitigation

N. Klco and M. J. Savage, Phys. Rev. A 99, 052335 (2019)

C. W. Bauer and D. M. Grabowska, Phys. Rev. D 107, L031503 (2023)

TREXDynamical DecouplingPauli Twirling

Decoherence Renormalization
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Quantum Circuits
Error Mitigation: Decoherence Renormalization
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Sequency Hierarchy Truncation
�̂� =

2nq−1

∑
ν=0

βν�̂�ν → e−i�̂�t =
2nq−1

∏
ν=0

e−iβν�̂�νt
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SeqHT of ̂ϕ4

• Decompose (band)diagonal 
operators into sequency basis 

• Digital counterpart of the 
Fourier series (loosely) 

• Hierarchy in sequency 
coefficients 

• Connected to qubit hierarchy
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Quantum Simulations with SeqHT
on IBM’s Quantum Computer 𝚒𝚋𝚖_𝚜𝚑𝚎𝚛𝚋𝚛𝚘𝚘𝚔𝚎
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∼ reduction in depth 

∼ reduction in count

29 %

26 %



Comment on Error Correction

• Hierarchically 
allocate physical 
qubits 

• Dynamically evolve 
the allocation

N. Klco and M. J. Savage, Phys. Rev. A 104, 062425 (2021), arXiv:2109.01953 [quant-ph]
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Summary

• Scalar field theory 

• Adiabatic state preparation 

• Error mitigation technique: 
Decoherence Renormalization 

• Sequency Hierarchy Truncation 
reduces quantum resources needed. 

• Qubit hierarchy and error correction

zhiyaol@uw.edu
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