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We calculate the tensor and axial charges of the quark in the Schwinger-Dyson formalism of

Landau gauge QCD. It is found that the dressed tensor and isovector axial charges of the quark

are suppressed against the bare quark contribution, and the result agrees qualitatively with the

experimental data. We show that this is due to the superposition of the spin flip of the quark arising

from the successive emission of gluons which dress the vertex. For the isoscalar quark axial

charge, we have analyzed the Schwinger-Dyson equation by including the leading unquenching

quark-loop effect. It is found that the suppression is more significant, due to the axial anomaly

effect.
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1. Introduction

The analysis of the nucleon parton structure plays an essential role in clarifying the dynamics
of the quantum chromodynamics [1]. The spin-dependent quark distributions of the nucleon in the
leading twist are given by the helicity and the transversity distributions functions of the quark, and
their first moments are called the axial charge (∆q) and the tensor charge (δq), respectively. In the
nonrelativistic constituent quark model, which considers three massive quarks in the nucleon, the
axial and tensor charges of the quark in the proton become their spin, so that we have∆u= δu= 4

3

for the u quark, and∆d = δd = −1
3 for the d quark. The quark axial and tensor charges in the

nucleon are chiral-even and -odd quantities, respectively, and their difference probes how relativis-
tic the polarized quarks are. Then, their study is important in understanding the structure of the
nucleon. We also note that the quark tensor charge relates the quark electric dipole moment (EDM)
to the nucleon EDM, an observable sensitive to the CP violation of the elementary interactions, and
is thus an important quantity in the search of new physics beyond the standard model [2].

The experimental study of these charges for the proton, however, gives smaller results com-
pared to the naive quark model prediction, namely [3, 4, 5]

∆Σ = 0.32±0.03±0.03, (1.1)

gA = −1.27590±0.00239+0.00331
−0.00377, (1.2)

δu = 0.860±0.248, (1.3)

δd = −0.119±0.060, (1.4)

where∆Σ ≈ ∆u+∆d and gA = δu− δd. Here, the quark tensor charges were renormalized at
µ = 2 GeV. Also the lattice QCD studies of the quark axial and tensor charges give smaller results
than the naive quark model prediction [6], in qualitative agreement with the experimental data. We
should therefore try to clarify the source of this suppression with some nonperturbative method.

As a powerful nonperturbative way to investigate the dynamics of the quantum field theory
and in particular the low energy QCD, we have the Schwinger-Dyson (SD) formalism, and many
studies such as the dynamical quark mass, the meson masses, the form factors, etc, have been done
so far [7, 8, 9, 10]. In this paper, we will try to clarify the effect of the gluon vertex dressing and
analyze the source of the deviation of the quark charges. The effect in question, the vertex gluon
dressing, is well within the applicability of the SD formalism.

2. Basics of the SD Formalism

In this work, we consider the SD formalism of the Landau gauge QCD with the rainbow-ladder
approximation. Here, the SD formalism includes the infinite order of the strong coupling, i.e.
nonperturbative effects, and the quark-gluon vertex is also renormalization group (RG)-improved
at the one-loop which gives the replacementg2

s
4π Zg(q2)γµ ×Γν(q,k)→ αs(q2)γµ ×γν whereZg(q2)

is the gluon dressing function, andΓν(q,k) is the dressed quark-gluon vertex. We use the RG-
improved strong couplingαs(p2) with infrared (IR) regularization à la Higashijima [7]

αs(p
2) =

{ 24π
11Nc−2Nf

(p< pIR)
12π

11Nc−2Nf

1
ln(p2/Λ2

QCD)
(p≥ pIR)

. (2.1)
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Here we takeNc = Nf = 3 andpIR satisfying ln(p2
IR/Λ2

QCD) =
1
2. We use the QCD scale parameter

ΛQCD = 900 MeV. This large scale parameter is taken to reproduce the chiral quantities in this
framework [9]. With this setup, the chiral condensate (renormalized atµ = 2 GeV) is given by
⟨q̄q⟩=−(238 MeV)3 and fπ ≃ 70 MeV.

The Schwinger-Dyson equation (SDE) for the axial and tensor charges are depicted in Fig.1.
The calculated dynamical charges give the contribution of the single quark to the corresponding
nucleon charges. For the exact expressions of SDE and details, we refer the reader to Refs. [9, 10].

= + +
Figure 1: The Schwinger-Dyson equation for the quark axial and tensor charges expressed diagrammati-
cally. The grey blobs represent the dynamical charges, and the black dot the bare charge. Note that the last
unquenching diagram does not contribute to the tensor and isovector axial charges.

3. Analysis

The solutions of the quark tensor and axial SDE are shown in Figs.2 and3, respectively. If
we associate the dressed dynamical quark with the constituent quark, our result can be combined
with the nonrelativistic constituent quark model prediction. For the quark tensor charge, we have

δu =
4
3

S1(0)µ ≃ 0.8,

δd = −1
3

S1(0)µ ≃−0.2, , (3.1)
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Figure 2: The dressing function of the dynamical quark tensor chargeS1(pE)σ µν (not renormalized)
obtained after solving the SDE. The horizontal axis denotes the Euclidean momentum.
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Figure 3: The dressing function of the dynamical quark axial chargeG1(pE)γµ γ5 obtained after solving
the SDE. The horizontal axis denotes the Euclidean momentum.

where the above tensor charges are renormalized atµ = 2 GeV. In the above derivation, it is
assumed that the nucleon is composed of three constituent valence quarks with negligible spin-
dependent many-body interactions. The suppression of the tensor charge agrees qualitatively with
the results obtained from the extraction from experimental data (1.3) and (1.4) [9].

For the quark axial charge, we have

gA =
5
3

G1(0)≃ 1.43, (3.2)

∆Σ = G1(0)µ ≃−0.47, (3.3)

where we have again combined the solution of the SDE with the constituent quark model argument.
For the isovector quark axial chargegA, the dynamical axial charge is suppressed compared with
the bare one. The result of Eq. (3.2) is in qualitative agreement with the experimental value (1.2).

The suppression of the quark tensor and isovector axial charges can be explained by the spin
flip of the quark after each emission or absorption of the gluon (see Fig.4). This mechanism is
consistent with the angular momentum conservation since the quarks and gluons have spin one half
and one, respectively. By outputting the tensor and axial charges after each iteration of the SDE,
we have confirmed that the result converges by oscillating. This shows that the reversal of the quark
spin is preferred in the gluon emission/absorption, and is thus consistent with our analysis.

g (sg = 1)q �sq = 12� sqz = + 12 sqz = + 12 sqz = + 12sqz = � 12 sqz = � 12
Figure 4: The schematic picture of the quark spin flip with the gluon emission/absorption.

As shown in Eq. (3.3), the dynamical isoscalar quark axial charge∆Σ is also suppressed
against the bare one, and we see that∆Σ is much more suppressed thangA , well below zero.
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The unquenching diagram of Fig.1 actually gives the axial anomaly contribution, and this result
suggests that the axial anomaly has a significant effect in the suppression of the isoscalar quark
axial charge.

4. Summary

In this paper, we have calculated the quark axial and tensor charges in the SD formalism of
the Landau gauge QCD with RG-improved rainbow-ladder truncation. For the quark tensor and
isovector axial charges, our result suggests that the gluon dressing of the vertex suppresses the
charges, and is in qualitative agreement with the experimental data. The isoscalar quark axial
charge receives a larger suppression due to the axial anomaly through the unquenching quark-loop.
This unquenching effect may be largely overestimated due to the large uncertainty in treating the
IR region. The axial anomaly also contributes to the many-body effect via the exchange interaction.
To study the problem of the proton spin quantitatively, we must therefore evaluate the many-body
effect together with the discussion of this paper.
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