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0. Self Introduction ---- What | do

My Research Interest: Nucleon Structure, mainly Spin and OAM

1. Gravitational form factors and Spin distributions in a nucleon
arXiv: 2603.11704 with Kenji Fukushima

2. Topological charge density in a nucleon
arXiv: 2607.03123 with Kenji Fukushima

3. One-loop GTMD GPD matching for the quark OAM
arXiv: 2609 . XXXXX with Jianwei Qiu

4. Quark helicity and OAM in the CQSM with n meson
arXiv: 2609.XXXXX with Josuke Minamiguchi



1. Introduction ---- Topological charge
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- Topological charge is related to the gluon topology.

 The spacetime integral gives the winding number of the gluon configuration.

- It is also related to the axial current of the quark by the chiral anomaly.

- Topological charge is P- and CP- odd.



1. Introduction ---- Topological charge

In a nucleon,
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Forward limit
GY(0) = A,
Fo(0) = AX/N;.




1. Introduction ---- Topological charge

Form Factors are Fourier conjugate of the spatial distributions

Burkert, et al. Nature. (2018)

Form Factor (FF) Spatial Distributions

Electromagnetic FF Charge, etc... i
Gravitational FF Energy, pressure, etc...
Topological FF Topological charge 5
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Question: How does the topological charge distribute in a nucleon?



2. Results ---- Topological Dipole

The answer is dipole! Polarized nucleon is a “Topological Dipole”.

NucIeogSpin In the Breit frame, i.e., A" = (0, A)

u(p’, s)ivsu(p,s) = —iS - A.

The Fourier transform of

1 N
—— (P |gsop|p) = Wiysu F(t),

Qtop(T) = 5 - fﬁ’é(r)
The dipole moment is negative:
dQ = —FQ(O) — —AE/NJC < 0.




2. Results ---- Why negative?

The reason why the upper part is negative

Nucleon Spin In the static situation, V - J5 o< giop-

S

The axial current Jg IS quark spin.

v

Quark Spin Divergence of quark spin is Gtop-




2. Results ---- Model Realization

In the Skyrme model with 7, 77, W, p mesons,
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« Skyrme model is low-energy and
large-Nc description of a nucleon.

* Nucleon is a soliton of mesons.

« Topological charge is introduced by

Witten-Di Vecchia-Veneziano term.
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3. Discussions ---- How to measure

i /
Electroproduction of 7, 77 coskokoy, Kroll. Eur.Phys.J. (2011)]

« This process is sensitive to the twist-2 axial GPDs,
HO(z,¢,t), EO(2,€,1).

+ Their moments give G\’ (¢), G\ (¢), and /(_)\

(0) +2 p p
QNfFQ(t) — QGA (t) -+
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[Goloskokov, Kroll. Eur.Phys.J. (2011)]

There are several problems...
« Separation from the transversity GPDs is necessary.
« Extraction of x-dependence is difficult because it is inverse problem.

 Information of the chiral anomaly may be encoded in twist-4 GPDs.
[Hatta. Phys.Rev.D, (2020)]



3. Discussions ---- Local Parity Violation

Topological dipole can be a new signature of Local Parity Violation (LPV).

 LPV has been searched for a decade through the Chiral Magnetic Effect (CME).

CME in non-central heavy ion collisions _ _ _ _
« CME is the macroscopic manifestation

t o t° of LPV.
or l « Electric current flows parallel or anti-
J  parallel to the magnetic field.
2 * The direction of the current fluctuates
[Fukushima, et al., Phys.Rev.C (2024)] J— € U5 B
2w2 event-by-event.

« The CME signal is the P-even flow of the charged hadrons.



3. Discussions ---- Local Parity Violation

Topological dipole can be a new signature of Local Parity Violation (LPV).

 If the magnetic field or vorticity induces global nucleon spin alignment,

the QGP may become the “dielectric polarization” of the topological dipole.
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Event 1 Event 2 Event N “Dlelectrlc Anisotropic flow
Polarization”

. 1" meson production rate may have the P-odd anisotropic flow signal.



	Slide 1: Nucleon structure based on the Skyrme model --- Topological Charge Density ---
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11

