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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 chromodynamidg | 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 charfg)(and the tensor chargéd), 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 wiuhavel = ‘§‘
for the u quark, andAd = &d = —% for thed 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 Ejodel [

The experimental study of these charges for the proton, however, gives smaller results com-
pared to the naive quark model prediction, nam@y 5]

A3 = 0.32+0.03+0.03, (1.2)
ga = —1.27590+0.00239"3:9333% (1.2)
Su = 0.860+0.248, (1.3)
5d = —0.11940.060, (1.4)

whereAZ ~ Au+ Ad andga = du— 8d. Here, the quark tensor charges were renormalized at

U =2 GeV. Also the lattice QCD studies of the quark axial and tensor charges give smaller results
than the naive quark model predictid@,[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 [4, @ @ [@J. 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 replacem%g;zg(qz)y“ x V(0,k) — as(g?)y* x y* whereZy(q?)
is the gluon dressing function, afd (q,k) is the dressed quark-gluon vertex. We use the RG-
improved strong couplings(p?) with infrared (IR) regularization a la Higashijim][
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Here we take\c = Nt = 3 andpyr satisfying In(pf; /A3cp) = 3. We use the QCD scale parameter
Nqcp = 900 MeV. This large scale parameter is taken to reproduce the chiral quantities in this
framework [B]. With this setup, the chiral condensate (renormalizegl at 2 GeV) is given by
(qq) = —(238 MeV)* and f; ~ 70 MeV.

The Schwinger-Dyson equation (SDE) for the axial and tensor charges are depictedlin Fig.
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 & Bgfs. [

L

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 Bigad3 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
4

5d = —%81(0)“ ~-02,, (3.1)
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Figure 2: The dressing function of the dynamical quark tensor ch&gdes)o*’ (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 chaBgépe)y* ys obtained after solving
the SDE. The horizontal axis denotes the Euclidean momentum.

where the above tensor charges are renormalizgd -at2 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 @8 énd [L.9) [Q.

For the quark axial charge, we have

g = 261(0) ~ 1.43, (3.2)
A3 = Gy(0), ~ —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 chargg, the dynamical axial charge is suppressed compared with
the bare one. The result of E@.D) is in qualitative agreement with the experimental vall.&)(

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 (se€dFigThis 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.

Figure 4. The schematic picture of the quark spin flip with the gluon emission/absorption.

As shown in Eq. B3, the dynamical isoscalar quark axial chatye is also suppressed
against the bare one, and we see thatis much more suppressed thgr , well below zero.
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The unquenching diagram of Fiffl 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.

Acknowledgments

This work is in part supported by the Grant for Scientific Research [Priority Areas “New
Hadrons” (E01:21105006), (C) No0.23540306] from the Ministry of Education, Culture, Science
and Technology (MEXT) of Japan.

References
[1] C. A. Aidala, S. D. Bass, D. Hasch, and G. K. Malldhe spin structure of the nucledrev. Mod.
Phys.85 (2013) 655 [arXiv:1209.2803].

[2] N. YamanakaAnalysis of the Electric Dipole Moment in the R-parity Violating Supersymmetric
Standard ModelSpringer, Berlin, 2014.

[38] M. G. Alekseewet al. (COMPASS CollaborationQuark helicity distributions from longitudinal spin
asymmetries in muon-proton and muon-deuteron scattgifihgs. LettB 693(2010) 227.

[4] B. Plasteret al. (UCNA Collaboration) Measurement of the neutrgitasymmetry parameterpAvith
ultracold neutronsPhys. RevC 86 (2012) 055501 [arXiv:1207.5887].

[5] G.R. Goldstein, J. O. Gonzalez Hernandez, and S. Lildior dependence of chiral odd generalized
parton distributions and the tensor charge from the analysis of combifieshd ) exclusive
electroproduction dataarXiv:1401.0438 [hep-ph].

[6] Ph. HaglerHadron structure from lattice quantum chromodynamiisys. Rep490(2010) 49.
[7] K. Higashijima,Dynamical Chiral Symmetry BreakinBhys. RevD 29 (1984) 1228.

[8] R. Alkofer and L. von Smekallhe Infrared behavior of QCD Green'’s functions: Confinement
dynamical symmetry breaking, and hadrons as relativistic bound sflgs. Rep353(2001) 281.

[9] N.Yamanaka, T. M. Doi, S. Imai, and H. Suganur@aiark tensor charge and electric dipole moment
within the Schwinger-Dyson formalisihys. RevD 88 (2013) 074036 [arXiv:1307.4208].

[10] N.Yamanaka, S. Imai, T. M. Doi, and H. Suganur@aiark scalar, axial, and pseudoscalar charges
in the Schwinger-Dyson formalismarXiv:1401.2852.



