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✦ Exact diagonalisation 
✦ Monte Carlo 
✦ Tensor Networks

Classical Methods

✦ The main goal is to study physics 
✦ Efficient way of simulating 

quantum systems

Why Quantum?

https://www.anl.gov/phy/hadronic-physics
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Why bother? HC(t) = ∑
i

Ωi(t)(eivitai + e−ivita†
i )

Control Hamiltonian

 Pulse amplitude,  MHz 
 Phase,  GHz

Ω(t) : −20 ≤ Ω(t) ≤ 20
v : |vi − ωi | ≤ 1

H(t) = HD + HC(t)

|Ψ(T)⟩ = 𝒯e−i ∫T
0 H(t)dt |ψ(0)⟩

Our new ansatz
Asthana et. al. arXiv:2203.06818

Meitei et. al. arXiv:2008.04302

❖ Short execution time is needed to avoid 
decoherence. This will allow more time to play 
with the state! 

❖ If enough time is given, this method is free from 
the local minima. 

❖ Lack of barren plateaus (coming up)

Russel et al. arXiv:1608.06198 ?
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Chakraborty et al. arXiv: 2001.00485

Farrell et al. arXiv: 2308.04481Without θ :

Use the staggered fermion discretisation of the 
electron field and apply JW transformation with 

open boundaries!
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Trotterised Schwinger Hamiltonian: e−iΔtH
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∼ 11 μs
Limit: ~9 trotter stepsJYA, Bhowmick, Grau, 

McEntire, Ringer; 2406.15545
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The behaviour of the 
loss function with 
gradient descent
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Larger duration per pulse improves 
the variance of the loss!
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Where is the quantum 
advantage then?

❖QOC is very sensitive to device 
config. 

❖ It is classically hard to scale. 
❖Can we use it as a foundation model? 
❖How to do error mitigation?


