
Noise-aware variational eigensolvers: a 
dissipative route for lattice gauge theories 

Enrique Rico Ortega

Monday 02 September 2024





|ψ(0)⟩ |ψ(t)⟩
U1 U3 U6U4
U2

U5

Quantum State Preparation

We show how a variational low-depth circuit can 
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Quantum simulation of 
light-front parton correlators

Project in progress with: M.G. Echevarria, I.L. Egusquiza, G. Schnell

Phys. Rev. D 104, 014512 (2021)
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Requirements for the quantum simulation of parton correlators:

• encode in quantum degrees of freedom both matter and gauge fields 

• preparation of a reference state, e.g., vacuum, proton, glue-ball

• simulate gauge-invariant quantities, e.g., minimal gauge-matter coupling

• real-time evolution, since the Wilson line is non-local in time

• carry out measurements after the evolution, i.e., quantum interferometer
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Decompose dynamics into 
sequence of quantum gates

Stroboscopic simulation in 
an analog simulator

(a)

(b)

(c)

W(τ, λ) = WC1
Wτ1

WC2
Wτ2

⋯WCk
Wτk

⋯

x+ ≡ (ct + x3)/ 2x−
t

x3

x⊥ ≡ (x1, x2)

W(τ, λ)

W(t, λ)

W(τ, λ) = 𝒰1e−iτ1H𝒰2e−iτ2H⋯𝒰ke−iτkH⋯𝒰N

W(τ, λ)

Discretisation of space-time 
in a Hamiltonian formulation

Note: in the Hamiltonian formulation

the temporal gauge A0=0 is chosen

Quantum simulation of 
light-front parton correlators
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λ
confined deconfined 

topological order

λc = 3.04438

Bravyi, Hastings, Verstraete (2006)
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Ĝvertex |ψ⟩ = ( ̂σx ̂σx ̂σx ̂σx)vertex
|ψ⟩ = |ψ⟩

{
λ = 0|ψ⟩ = ⊗link | + ⟩l

λ ≫ 1|ψ⟩ = ⊗plaq

𝕀 + ( ̂σz ̂σz ̂σz ̂σz)plaq

2
⊗link | + ⟩l

Cardy, Hamber (1980)

Tantivasadakarn, Thorngren, Vishwanath, Verresen (2021)
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Modified variational

gauge invariant state

State preparation 
with noisy gates
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High-Energy and 
Nuclear Physics

Quantum Information 
Science and Technology

A fruitful dialogue      
(two-way communication)

- The first successful implementations of gauge-field theory dynamics on quantum 
simulators have emerged for small systems.


- Efficient Hamiltonian formulations for (non-Abelian) gauge theories along with best 
approaches to state preparation and measurement will continue to develop. 


- Abelian and non-Abelian lattice gauge theories in higher than 1+1 dimensions present 
significant challenge but progress is being made. 


- Theory-experiment collaborations will be highly beneficial. 

- New results in the frontier between HEP and Quant-Ph


