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Theories on Trapped-Ion Quantum Computers
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Confinement

JCH et al., PRX Quantum 3, 040316 (2022)
Zhang et al. (JCH), Nature Physics 21, 155-160 (2025)
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Su*, Osborne*, JCH, PRX Quantum 5, 040310 (2024)

Microscopic collision dynamics on a quantum simulator
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Microscopic collision dynamics on a quantum simulator
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Experimental observation of scattering dynamics in an LGT

8
Schuhmacher, Su, Osborne, Gandon, JCH, Tavernelli, arXiv:2505.20387



Experimental observation of scattering dynamics in an LGT

9
Schuhmacher, Su, Osborne, Gandon, JCH, Tavernelli, arXiv:2505.20387

Electron-positron scattering Meson-meson scattering
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Theory proposal for 2 + 1D LGT in cold atoms 

Osborne, McCulloch, Yang, Hauke, JCH, Commun. Phys. 8, 273 (2025)
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Confinement on a digital quantum computer

Mildenberger et al. (JCH), Nature Physics 2025
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ℤ𝟐 lattice gauge theories: confinement

Mildenberger et al. (JCH), Nature Physics 2025



Experimental observation of (non)thermal dynamics in a 2 + 1D LGT
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Google Quantum AI and collaborators (JCH), arXiv:2410.06557
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38 qubits

Local perturbation in a translation-invariant ring



Local perturbation in a translation-invariant ring



Experimental observation of localization dynamics in a 2 + 1D LGT

16
Google Quantum AI and collaborators (JCH), arXiv:2410.06557



Experimental observation of localization dynamics in a 2 + 1D LGT

17
Google Quantum AI and collaborators (JCH), arXiv:2410.06557



Recent experiments of string dynamics in 2 + 1D 
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State-of-the-art tensor-network results: Electric flux strings in 2 + 1D

19

Tian, Srivatsa, Xu, Osborne, Borla, JCH, arXiv:2508.05736

Borla, Osborne, Moroz, JCH, arXiv:2501.17929

Xu, Borla, Moroz, JCH, arXiv:2507.01950

Cataldi, Orlando, JCH, arXiv:2509.08868

Cao, Joshi, Tian, Srivatsa, JCH, arXiv:2601.16166



QuEra experiment not genuine 2 + 1D string dynamics

20
Tian, Srivatsa, Xu, Osborne, Borla, JCH, arXiv:2508.05736

No plaquette (QuEra) With plaquette



String breaking and glueball formation in a 2 + 1D non-Abelian LGT

Cataldi, Orlando, JCH, arXiv:2509.08868
21



State-of-the-art quantum simulation experiments: Electric flux strings in 2 + 1D
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Xu et al., … , JCH, arXiv:2604.07435

Joshi et al., … , JCH, arXiv:2604.07436



First experiment: 2 + 1D ℤ" Lattice Gauge Theory
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Xu et al., … , JCH, arXiv:2604.07435
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First experiment: 2 + 1D ℤ" Lattice Gauge Theory

24
Xu et al., … , JCH, arXiv:2604.07435

First-order resonance
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Second-order resonance



First experiment: 2 + 1D ℤ" Lattice Gauge Theory

25
Joshi et al., … , JCH, arXiv:2604.07436



First experiment: 2 + 1D ℤ" Lattice Gauge Theory

26
Xu et al., … , JCH, arXiv:2604.07435



Second experiment: 2 + 1D U(1) Lattice Gauge Theory

27
Joshi et al., … , JCH, arXiv:2604.07436
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Second experiment: 2 + 1D U(1) Lattice Gauge Theory
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Joshi et al., … , JCH, arXiv:2604.07436
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Second experiment: 2 + 1D U(1) Lattice Gauge Theory
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Joshi et al., … , JCH, arXiv:2604.07436



Second experiment: 2 + 1D U(1) Lattice Gauge Theory
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Joshi et al., … , JCH, arXiv:2604.07436
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QC4HEP (CERN +DESY+IBM) roadmap paper

Di Meglio et al. (JCH), PRX Quantum 5, 037001 (2024)
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Review paper

JCH et al., Nature Physics 21, 25-36 (2025)



Overarching review
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JCH, Mueller, Knolle, Papić, Davoudi, arXiv:2509.03586
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The String Breakers

Kaidi Xu Rohan Joshi Jesse OsborneUmberto BorlaYizhuo Tian

Srivatsa NS Henrik Dreyer Enrico Rinaldi Kevin Hemery
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