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Ground state preparation for Ising model
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• Prepare ground state with an adiabatic process:
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• Prepare ground state with an adiabatic process:
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• Prepare ground state with an adiabatic process:

Turn the evolution time into arbitrary rotation angles
𝜃-, 𝜃., 𝜃/, 𝜃0
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Variational Quantum Eigensolver (VQE) with QAOA ansatz [E. Farhi et al. 2014]
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• Prepare ground state with an adiabatic process:

𝜃- 𝜃.

EnergySearch for
ground state
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• Prepare ground state with an adiabatic process:
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• In some models 𝐻8[E. Farhi et al. 2000], the 
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Illustration of 𝐻 𝑡 mass gap 
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• In contrast, the imaginary time evolution 
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Imaginary time evolution on quantum computer
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• Euclidean correlation function:

• Quantum  Imaginary  Time  Evolution (QITE) [M. Motta et al. 2020]:

𝑒JKLM

⟨𝜓 𝑒J'KLM 𝜓⟩
𝜓 = 𝑒NKL ∑! O!P! 𝜓 =2

N

𝑒NKLO!P! 𝜓 + 𝒪 Δ𝜏'

Completeness 
of Pauli-basis

Trotter 
decomposition

Decomposed into 
CNOT, 𝑅9, 𝑅:, 𝑅;

quantum gates

eg: 𝜎'= 𝑋⊗ 𝑌⊗ 𝑍⊗ 𝐼

48: Too many 
Paulis!
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Imaginary time evolution on quantum computer

𝑒JKLM

⟨𝜓 𝑒J'KLM 𝜓⟩
𝜓 = 𝑒NKL ∑! O!P! 𝜓 =2

N

𝑒NKLO!P! 𝜓 + 𝒪 Δ𝜏'

Completeness 
of Pauli-basis

Trotter 
decomposition

eg: 𝜎'= 𝑋⊗ 𝑌⊗ 𝑍⊗ 𝐼

48: Too many 
Paulis!

Number of Paulis is a constant if:
• 𝐻 is local
• 𝜓 is finite correlated

[M. Motta et al. 2020]
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• Quantum  Imaginary  Time  Evolution (QITE) [M. Motta et al. 2020]:
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𝑒"<=>,?, → 𝑒",,?, ,
∀ 𝑎" ≠ 0 Which 𝑒+,-."/" has non-zero 𝑎+ ? 

Use symmetry [1] ! 

[1] X. Wang, Y. Chai, M. Demidik, X. Feng, K. Jansen, C. Tüysüz. arXiv:2307.13598 14
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Variational ansatz inspired by QITE
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Which 𝑒+,-."/" has non-zero 𝑎+ ? 
Use symmetry [1] ! 

electric field

positron electron|vac⟩
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Local U(1) symmetry Gauss law is kept in Schwinger model

Electric field line emitted
from the positron and
absorbed by the electron

(No penalty terms)
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[1] X. Wang, X. Feng, T. Hartung, K. Jansen, P. Stornati. arXiv: 2302.14279
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Gibbs state:

Calculate the heat capacity 𝐶i:

𝐶A =
𝐾.

Λ
⟨𝐻.⟩ − 𝐻 .



Schwinger model
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Hamiltonian with Wilson fermion [1]

[1] T. Angelides, L. Funcke, K. Jansen, S. Kühn. arXiv:2303.11016

• QITE-inspired ansatz converges
faster to the ground state

• QITE-inspired ansatz
requires less layers:



Schwinger model
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Hamiltonian with Wilson fermion [1]

[1] T. Angelides, L. Funcke, K. Jansen, S. Kühn. arXiv:2303.11016

• QITE-inspired ansatz
requires less layers:

explain



Variational ansatz inspired by QITE

𝑒"<=>,?, → 𝑒",,?, ,
∀ 𝑎" ≠ 0

[1] X. Wang, Y. Chai, M. Demidik, X. Feng, K. Jansen, C. Tüysüz. arXiv:2307.13598

Advantages of QITE-inspired ansatz:

1. symmetry preserving 

2. good at Gibbs state preparation (better than hardware-efficient ansatz [1] )

3. converging faster to the ground state

4. requiring fewer layers than QAOA
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Conclusion

• We propose an ansatz design strategy inspired by quantum imaginary time

evolution.

• The ansatz is suitable for Gibbs state preparation, and performs better than the 

hardware-efficient ansatz.

• The ansatz could perform better than the QAOA ansatz in the ground state 

preparation.
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Thanks for listening!


