Baryonic Vortex Lattice and

Other Topological Phases
in Low Energy QCD
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Motivation: Phases at Finite Density

and Magnetic Field via yPT

Low Energy Regime: Chiral Symmetry Breaking
U 1)y x SU(Ng), x SU(Ny¢)p = U (1)y x SU(Ny)y

EFT: SU(Ny = 2) Chiral Perturbation Theory (xPT)

2 T
Lchiral = fT T (D,XTDFY), ¥ = ( 9 )

(D9 t’__._)l |
* Electromagnetic U(l): A, =A,(p)@ for B = BZ; Lpy = EF#.UF#-U

* Density: AL/ 5= (,u, /3,6) for 1sospin/baryon chemical potentials;

» Wess-Zumino-Wittern term for Anomaly Lwzw = (A} +qA,) i’
¢ ®

Issue: what is the ground state / phase? Key: —ugNg.

vs. (Baryon) Skyrmion Crystal



Inspiration (i): 7= Vortex in y;

Dynamics: minimizing B2
free energy £.
A portion in € favors ‘n ‘ — ¢ _ _
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External magnetic field

exceeds critical value: P Adhikari, E. Leeser and J. Markowski,
E Mecd. Phys. Lett. A 38 (2023) 2350078
L&, = M.S. Gronli and T. Brauner, Eur. Phys. J.
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Inspiration (ii): 7° DW in ug
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% Hamiltonian w/ X — exp(it>n?): Yamamoto. JHEP

: 04, 132 (2017).
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WZW term  Lwzw = (A +qA,) i

topological ch =
opological charge = baryon number jp can also be from

3(SU(2)) €T
1.e., Skyrmion




Baryon as Vortex Skyrmion in pg

 upg reduces energy by WZW term —pug [ jpd3x
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(chiral limit)

* Uy requests the
boundary condition
of pion condensate
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Protile (1): Magnitude/Abs

wof, ] '10—' T ] g
“Baryonic \ 1. \ | Right
Vortex” | | ! Panel
solution | — ool 1° —oe2 | @
j 0 11 B2 |y = D
I 1Y ———}Y Hamada,
pfr R ° _ pfr M. Nltta,
esult at = 4m |
@ T |‘uI7T{h) and Z. Qiu
08 ;'0-3:' _(2026) 200
Left . — -
: : : B.(p,2)
Panel - 1o
ool ] 0_0_-/
@ 0 2 4 6 8 10 12 14"_' o2 4 SR 10 12 14
7 = p fx ¢ p fr
B (c) | () 6




Protile (i1): Phase/Arg
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Together:
Topological
Linking —



Intersection and Phase Diagram

2k ] = Hamada-Nitta-Qiu
csL cst arXiv: 2602.11762
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Conclusion & Outlook

Conclusion:

We find a topological soliton homotopic to Skyrmion but
composed of linking pion vortices. It carries a baryon
number and preserves a magnetic flux, thus dubbed
“Baryonic Vortex”.

It leads to the novel phase structure involving Baryonic
Vortex Lattice and CSL-AVL intersection, at finite
1sospin/baryon chemical potentials and magnetic field.

Outlook:
* Phase transition towards traditional Skyrme Crystal?
* Application in explaining Neutron Star magnetic field?
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Profile (i1i): 3D/Level Surfaces
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