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Ground-state preparation for hadron structure and scattering

Main challenge = High-fidelity preparation of
hadron ground state with the desired
quantum numbers (e.g{P), [h))
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Near-term applications 2 Compute hadron
structure observables from QCD matrix

elements
Parton Distribution Fragmentation
Function (PDF) Function (FF)
(P|O|P) (0]Ofh;X)
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Ground-state preparation for hadron structure and scattering

Main challenge = High-fidelity preparation of
hadron ground state with the desired

quantum numbers (e.g{P), |h))

Near-term applications 2 Compute hadron
structure observables from QCD matrix

elements
Parton Distribution Fragmentation
Function (PDF) Function (FF)
(P|O|P) (0]Ofh;X)

Long-term applications = Predict complete
scattering processes and experimental
observables.

o = PDF ® Hard scattering ® FF
IFIC (CSIC-UV)
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Qubits and Qumodes
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r . .
Nature of : * Continuous 2 Harmonic oscillator
) ) * Discrete » Two-level system L g

kmformatlon with infinite many levels

J

r ) ° . . .
State * Finite-dimensional Hilbert state > * Infinite-dimensional Hilbert state
krepresentation two-dimensional per qubit per qumode

| : I »

1)

Gloria Tejedor Garcia Quantum algorithms for bosonic Hamiltonians July 10" 2026



Qubits and Qumodes

QUBIT QUMODE

r . .
Nature of ' * Continuous 2 Harmonic oscillator
i ) Discrete @ Two-level system L e

kmformatlon with infinite many levels

°
J

r o o . . .
State Finite-dimensional Hilbert state > * Infinite-dimensional Hilbert state
krepresentation two-dimensional per qubit per qumode

v
<

2)
1)

\ 4

Gloria Tejedor Garcia Quantum algorithms for bosonic Hamiltonians July 10" 2026



From Collider Physics to Quantum Simulations

— - 1
0 Use the Hamiltonian notation L=y 0, —m) + gspy*"T P A}, — ZFEVFG W — H = .

Girvin, Wiebe et al. 2025
Ale, Rainaldi, Rico, Ringer & Siopsis, 2026

Gloria Tejedor Garcia Quantum algorithms for bosonic Hamiltonians July 10" 2026



From Collider Physics to Quantum Simulations

0 Use the Hamiltonian notation

e Discretize spatial component

1.
gluon quark

Girvin, Wiebe et al. 2025
Ale, Rainaldi, Rico, Ringer & Siopsis, 2026
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From Collider Physics to Quantum Simulations

0 Use the Hamiltonian notation

e Discretize spatial component

1.
gluon quark

Take limits L > o0, a - 0+
finite volume formalism
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From Collider Physics to Quantum Simulations

0 Use the Hamiltonian notation

a Discretize spatial component

gluon qu;:lrk

Take limits L - o0, a > 0 + %
finite volume formalism % :

QUBIT + : QUMODE

QUBIT-QUMODE
/ COUPLING
= ! ‘ 1
e Map to qubits and qumodes L= (iv" 0y —m) Y + gs A" Ty Af,, - ZFEVFQ e

Girvin, Wiebe et al. 2025
Ale, Rainaldi, Rico, Ringer & Siopsis, 2026

Gloria Tejedor Garcia Quantum algorithms for bosonic Hamiltonians July 10" 2026



CV-ADAPT-VQE
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Select gate with
ENERGY GRADIENT the largest
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CV-ADAPT-VQE: BKC model (hon-number conserving)
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CV-ADAPT-VQE: BKC model (hon-number conserving)
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CV-ADAPT-VQE
* |mprove operator pools
 Scalable-circuits ADAPT-VQE
* Thermal state preparation
* Hybrid qubit-qumode architectures
* Excitations and correlation functions

* Real-time dynamics and scattering

Athanasakos, Tejedor-Garcia, Araz, Raméa,
Sambasivam, Economou & Ringer, 2026,
arXiv:2606.05297
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