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Hadron structureMy research background

Quarkonium LFWFs

PRD 111, 016011 (2025) 

Phi meson in matter

PRD 114, 034041 (2026)
Quarkonium in magnetic fields

PRD 114, 014067 (2026)

#light-front #J-PARC #strong-field

Main interest: #hadron-physics Webpage: https://ajarifi.github.io/

LFQM & QMC model

PRD 111, 074004 (2025) 

#hadron-in-medium

Ho-meoyng Choi,
Cheung-Ryong Ji, 

Parada Hutauruk
Kazuo Tsushima

Philipp Gubler Kei Suzuki

https://ajarifi.github.io/publications/#


What are Exceptional Points (EPs)?

#Non-Hermitian-Physics



Hadron structureNon-hermitian & hadron resonances

● Resonance → complex spectrum
● Complex scaling method

Non-hermitian physics

Hunting hadron resonances
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Hadron structureReal spectrum and non-hermiticity

A condition for real spectra in quantum mechanicsHermitian

Can produce real spectra.Non-Hermitian

PT-symmetric

What is the condition for real spectra?

Non-hermitian 
becomes a new 
trend recently.

C. M. Bender and S. Boettcher, Phys. Rev. Lett. 80, 
5243 (1998), Real spectra in non-Hermitian 
Hamiltonians having PT symmetry, 
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Hadron structureExceptional points (EPs)
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EPs have been observed in many quantum systems.

#non-hermitian #interdisiplinary

An EP is a point where two eigenvalues and eigenvectors become identical.

Src: 10.1109/ACCESS.2023.3251572

To mention a few.

https://doi.org/10.1109/ACCESS.2023.3251572


Can we find EPs in hadronic systems?



Hadron structureHadronic Exceptional Points
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Origin: complex Nc, complex density, 
Interaction strength, etc

Not yet systematically studied.
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Hadron structureHadrons in magnetic fields

1. Strong magnetic fields produced in HIC.

❌ Extremely difficult in experiments. 

2. Mostly studied in lattice QCD and effective models.

✅ Lattice-motivated studies.

3. Interdisciplinary works & relevance to other fields.

✅ External magnetic fields are everywhere
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Hadron structureNew developments in “hadrons in magnetic fields”

A. J. Arifi & K. Suzuki (2025-present)

LFWFs in magnetic fields, 

PRD 112, 094013 (2025).

Landau-Zener transition, 

PRD 113, 054047 (2026). 

Anisotropic confinements, 

PRD 114, 014067 (2026)

Exceptional points,

arXiv: 2606.31697

#quantum-physics #lattice-QCD #non-hermitian#light-front

https://doi.org/10.1103/pwsl-xrq5
https://doi.org/10.1103/xc28-3v8r
https://ajarifi.github.io/publications/#
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Hadron structure Hadronic EPs

Imaginary field is often used in lattice 
QCD to overcome a technical problem.

Arifi & Suzuki. 2606.31697

Non-hermitian matrix elements

Exceptional point

EP is a hallmark of non-hermitian 
quantum system.

S. Cho et al. PRL 113, 172301 (2014).
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Hadron structureQuark model in magnetic fields

Real & Static Pseudo-momentum

Diagonalization using 
Cylindrical GEM

Zeeman effectQuark Landau level
E. Hiyama, Y. Kino, and M. Kamimura, 
Prog. Part. Nucl. Phys. 51, 223 (2003).
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Hadron structureQuarkonium spectra in real magnetic fields

Transverse charmonia Longitudinal charmonia (mixed)

Yoshida & Suzuki. PRD94, 074043 (2016).
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Hadron structureEPs in two different approaches

Effective Lagrangian approach Constituent quark model
Imaginary Zeeman & deconfinementCoupled-channel Klein-Gordon equation



Hadron structureVarious neutral meson EPs
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EP locations: eB = 0.1-0.5 GeV^2



Hadron structure Strong-field Regime
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Coupled-channel Klein-Gordon equation

Effective interaction Lagrangian
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Hadron structureThe underlying physics of EPs

Non-hermitian Hamiltonian Eigenvalues

Determinant
Real spectrum

Exceptional point

Complex spectrum



Hadron structure Analogy: Poles & EPs

Resonance peak → Resonance pole Level repulsion → Exceptional point

Real → Complex Real → Imaginary

Maxim Mai
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Hadron structure Summary & Outlook

- EPs are observed in many quantum 

systems, but hadronic EPs are rarely 

discussed.

- The emergence of EPs in imaginary 

magnetic fields.
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arXiv: 2606.31697 [hep-ph]

- A survey of various mechanisms that 

generate EPs in hadronic systems.

Summary

Outlook



Can we find EPs in hadronic systems?

Thank you very much

This trip is supported by RCNP, The University of Osaka


