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Abstract. We have investigated the axial charges of the nucleon andN∗ resonances in a relativistic framework.
Besides the axial charge of the nucleon, first predictions are reported for the axial charges of all well-established
N∗ resonances below∼1.9 GeV as produced by the relativistic constituent quark models relying on Goldstone-
boson-exchange and one-gluon-exchange hyperfine interactions. The results for the axial charge of the nucleon
are found close to experiment but with somewhat smaller values, similar to modern findings from quantum
chromodynamics on the lattice. The predictions of the axial charges of the negative-parityN∗(1535) andN∗(1650)
resonances also agree with what has most recently become available from lattice calculations. We discuss the
roles of the axial charges of theN∗ resonances for the phenomenon of chiral-symmetry restoration possibly
occurring in the higher hadron spectra.

1 Introduction

The axial chargegA of the nucleon (N) is an important
quantity for the understanding of both the electroweak and
strong interactions. Experimentally its value is well known,
as the ratiogA/gV = 1.2695± 0.0029 is measured to high
precision [1]. In theory there have been many attempts to
explain the size ofgA, where we mention only the stud-
ies along chiral perturbation theory [2] (see also the re-
cent review [3]), chiral unitary approaches [4], constituent
quark models [5,6], and lattice quantum chromodynamics
(QCD) [7–14]; for results from the latter see also the most
recent review by Renner [15]. All the theoretical predic-
tions should evidently be consistent with the Goldberger-
Treiman (GT) relation [16]

gA =
fπgπNN

MN
, (1)

which connects the axial chargegA with theπ decay con-
stant fπ, theπNN coupling constantgπNN , and the nucleon
massMN .

Some time ago also the axial charges of nucleon exci-
tations have come into the focus of interest. While they are
not accessible to experimental measurements, their theo-
retical study nevertheless appears to be relevant. Through
the GT relation theN∗ axial charges should give insight
into the strengths ofπ coupling to the nucleon excitations.
It has recently been suggested that chiral-symmetry restora-
tion should be reflected by higher excitations in the hadron
spectra [17,18]. In such a scenario there should appear chi-
ral doublets of positive- and negative-parity states, and the
coupling to theπ should be weak. Consequently also the
axial charges should become small or even vanishing with
increasing excitation energy.
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The axial charges ofN∗ resonances, however, can be
”measured” within lattice QCD. First results have become
available from ref. [12] for the two negative-parity nucleon
excitationsN∗(1535) andN∗(1650), with correspondinggA

values of∼0.00 and∼0.55, respectively. No results have so
far been reported for positive-parityN∗ resonances, but fur-
ther studies along lattice QCD are under way by different
groups.

We have recently started a comprehensive investigation
of the axial charges ofN∗ resonances in the framework of
the relativistic constituent quark model (RCQM). Specifi-
cally, we have extended a previous relativistic study of the
nucleon axial form factors [5,6] to all of the lowestN∗ ex-
citations withJP = 1

2
±
, 3

2
±
, and 5

2
±
. Our approach relies

on solving the eigenvalue problem of a Poincaré-invariant
mass operator in the framework of relativistic quantum me-
chanics. The axial current operator is chosen according to
the spectator model (SM) [19]. For the RCQM we em-
ployed in the first instance the extended Goldstone-boson-
exchange (EGBE) RCQM [20], as it is supposed to pro-
duce the most elaborate nucleon andN∗ wave functions,
but we also compare to predictions from the pseudoscalar
Goldstone-boson-exchange(psGBE) [21,22] as well as the
one-gluon-exchange (OGE) [23] RCQMs.

2 Formalism

The axial charge is defined through the value of the axial
form factorGA(Q2) at Q2 = 0, whereQ2 = −q2 is the four-
momentum transfer. The axial form factorGA(Q2) can be
deduced from the relativistically invariant matrix element
of the axial current operator̂Aµa(Q2), with flavor indexa,
sandwiched between the eigenstates ofN or N∗. We de-
note the latter generally by|P, J, Σ〉, i.e. as eigenstates of
the four-momentum operator̂Pµ, the intrinsic-spin opera-
tor Ĵ and itsz-projectionΣ̂. SinceP̂µ and the invariant mass
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operatorM̂ commute, these eigenstates can be obtained by
solving the eigenvalue equation ofM̂

M̂ |P, J, Σ〉 = M |P, J, Σ〉 , (2)

whereM is the mass ofN or N∗. For the variousJ = 1
2 ,

3
2 ,

5
2

states considered here, the axial chargesgA are thus com-
puted from the matrix elements of the axial current opera-
tor Âµa for zero momentum transfer
〈

P,
1
2
, Σ′
∣

∣

∣Âµa
∣

∣

∣ P,
1
2
, Σ

〉

= Ū(P, Σ′)gAγ
µγ5
τa

2
U(P, Σ) ,

〈

P,
3
2
, Σ′
∣

∣

∣Âµa
∣

∣

∣ P,
3
2
, Σ

〉

= Ūν(P, Σ′)gAγ
µγ5
τa

2
Uν(P, Σ) ,

〈

P,
5
2
, Σ′
∣

∣

∣Âµa
∣

∣

∣ P,
5
2
, Σ

〉

= Ūνλ(P, Σ′)gAγ
µγ5
τa

2
Uνλ(P, Σ) .

(3)

Here U(P, Σ) are the usual Dirac spinors for spin-1
2 par-

ticles, andUν(P, Σ) as well asUνλ(P, Σ) are the Rarita-
Schwinger vector spinors [24] for spin-3

2 and spin-5
2 par-

ticles, respectively, where we use the same notation and
normalization as specified in the appendix of ref. [25]. The
γµ andγ5 are the usual Dirac matrices andτa is the isospin
matrix with Cartesian indexa.

The matrix elements of̂Aµa for anyN or N∗ read
〈

P, J, Σ′
∣

∣

∣ Âµa(Q2 = 0) |P, J, Σ〉 =

2M
∑

µiµ
′
i

∫

d3k1d3k2d3k3
δ3(k1 + k2 + k3)

2ω12ω22ω3

×Ψ⋆PJΣ ′

(

k1, k2, k3; µ′1, µ
′
2, µ
′
3

)

×
〈

k1, k2, k3; µ′1, µ
′
2, µ
′
3

∣

∣

∣ Âµa |k1, k2, k3; µ1, µ2, µ3〉

×ΨPJΣ (k1, k2, k3; µ1, µ2, µ3) . (4)

TheΨ ’s are the rest-frame wave functions of theN or N∗

with corresponding massM and total angular momentum
J with z-projectionsΣ andΣ′. Here they are represented as
functions of the individual quark three-momentaki, which

sum up toP = k1 + k2 + k3 = 0; ωi =

√

m2
i + k

2
i is the

energy of quarki with massmi, and the individual-quark
spin orientations are denoted byµi.

The SM means that the matrix element of the axial cur-
rent operatorÂµa between (free) three-particle states is as-
sumed in the form

〈

k1, k2, k3; µ′1, µ
′
2, µ
′
3

∣

∣

∣ Âµa |k1, k2, k3; µ1, µ2, µ3〉

= 3
〈

k1, µ
′
1

∣

∣

∣ Âµa,SM |k1, µ1〉 2ω22ω3δµ2µ
′
2
δµ3µ

′
3
. (5)

For point-like quarks this matrix element involves the axial
current operator of the active quark 1 (with quarks 2 and 3
being the spectators) in the form

〈

k1, µ
′
1

∣

∣

∣ Âµa,SM |k1, µ1〉 = ū
(

k1, µ
′
1
)

g
q
Aγ
µγ5
τa

2
u (k1, µ1) , (6)

whereu (k1, µ1) is the quark spinor andgq
A = 1 the quark

axial charge. A pseudovector-type current analogous to the

one in Eq. (6) was recently also used in the calculation of
gπNN and the strongπNN vertex form factor in ref. [26].

If we are interested only in the axial chargesgA, the
expression (6) specifies toµ = i = 1, 2, 3 and can further
be evaluated to give

ū
(

k1, µ
′
1
)

γiγ5
τa

2
u (k1, µ1) =

2ω1χ
∗
1
2 ,µ
′
1















[

1−
2
3

(1− κ)

]

σi

+

√

5
3
κ2

1+ κ
[ [v1 ⊗ v1]2 ⊗ σ] i

1















τa

2
χ 1

2 ,µ1
, (7)

whereκ = 1/
√

1+ v2
1 andv1 = k1/m1. Herein σi is the

i-th component of the usual Pauli matrixσ and the sym-
bol [. ⊗ .]i

n denotes thei-th component of a tensor product
[. ⊗ .]n of rank n. We note that a similar formula was al-
ready published before by Dannbom et al. [27], however,
restricted to the case of total orbital angular momentum
L = 0. Our expression holds for anyL, thus allowing to
calculategA for the most general wave function of a baryon
specified byJP.

3 Results

First of all we present in Table 1 the predictions of the
EGBE RCQM for the axial charges of theN ground state
and the first twoN∗ excitations withJP = 1

2
±

and com-
pare them to what is known from other approaches. Re-
garding theN, thegA calculated from the EGBE RCQM is
of a quality comparable to the lattice QCD results. The ob-
tained value is slightly smaller than the experimental data
of gA=1.2695±0.0029 [1], showing a tendency of under-
shooting it like it is found also with modern lattice QCD
results [15]. The nonrelativistic result (i.e. the one calcu-
lated with the nonrelativistic limit of the axial current op-
erator in Eq. (6)) is much too high as is the result from the
nonrelativisticS U(6)×O(3) quark model of Glozman and
Nefediev [18].

Table 1. Predictions for axial chargesgA of the EGBE RCQM
in comparison to available lattice QCD results [7–14], the values
calculated by Glozman and Nefediev (GN) within theS U(6) ×
O(3) nonrelativistic quark model [18], and the nonrelativistic
(NR) limit from the EGBE RCQM.

State JP EGBE Lattice QCD GN NR

N(939) 1
2
+

1.15 1.10∼1.40 1.66 1.65
N∗(1440) 1

2
+

1.16 – 1.66 1.61
N∗(1535) 1

2
−

0.02 ∼0.00 -0.11 -0.20
N∗(1710) 1

2

+
0.35 – 0.33 0.42

N∗(1650) 1
2
−

0.51 ∼0.55 0.55 0.64

For theJP = 1
2
−

excitationsN∗(1535) andN∗(1650)
the predictions of the EGBE RCQM also compare well

03008-p.2



19th International IUPAP Conference on Few-Body Problems in Physics

with the lattice QCD results, with a practically vanishing
value for the former and a sizablegA for the latter reso-
nance. Again the corresponding nonrelativistic results are
much different. With regard to the axial charge ofN∗(1535)
it should be mentioned that a similarly small value was
found before in a chiral unitary approach [4]. In the same
context it is certainly remarkable that forN∗(1535) a small
gA can obviously be obtained without advocating additional
{QQQQQ̄} components being responsible for its suppres-
sion [27].

The gA of the positive-parityN∗(1440) is practically
of the same size as the one of theN, where no lattice-
QCD results so far exist for this important case. For the
next positive-parity excitationN∗(1710) the EGBE RCQM
predicts an axial charge of medium size, which is acciden-
tally very similar to the nonrelativisticS U(6)×O(3) quark-
model result.

In Tables 2 and 3 we present in a comprehensive man-
ner the theoretical predictions ofgA for theN ground state
and all positive- as well as negative-parity excitations with
masses below∼1.9 GeV. The relativistic results calculated
with the EGBE RCQM are compared to the ones by the
other two types of RCQMs considered here, namely the
psGBE as well as OGE RCQMs. At this instance, we re-
gard the EGBE result as the most advanced one, as this par-
ticular RCQM includes all force components generated by
GBE dynamics into the hyperfine interaction [20]. How-
ever, it is seen that also the psGBE RCQM, which relies
only on a spin-spin hyperfine interaction, performs simi-
larly well for all positive-parity resonances and for most of
the negative-parity resonances; only for theJP = 3

2
−

states
N∗(1520) andN∗(1700) there occur differences, which have
evidently to be attributed to tensor and/or spin-orbit forces.
Except for these two cases there are also no big deviations
of the results with the OGE RCQM, even though the the-
oretical resonance masses show sometimes considerable
differences.

Table 2. Mass eigenvalues and axial chargesgA of theN ground
state and the positive-parityN∗ resonances as predicted by the
EGBE, the psGBE, and the OGE RCQMs.

EGBE psGBE OGE

State J p Mass gA Mass gA Mass gA

N∗(939) 1
2

+
939 1.15 939 1.15 939 1.11

N∗(1440) 1
2
+

1464 1.16 1459 1.13 1578 1.10
N∗(1710) 3

2
+

1757 0.35 1776 0.37 1860 0.32
N∗(1720) 3

2

+
1746 0.35 1728 0.34 1858 0.25

N∗(1680) 5
2

+
1689 0.89 1728 0.83 1858 0.70

When we look at these results from the viewpoint of
parity partners, we observe that the RCQM predictions are
quite different within all positive- and negative-parity pairs
up toJP = 5

2
±
. Forthe first pair, theN∗(1440) andN∗(1535),

thegA of the former is sizable, whereas the one for the lat-
ter is almost vanishing. The relation is changed within the
next pair, theN∗(1710) andN∗(1650), where both values

Table 3. Same as Table 2 for the negative-parityN∗ resonances.

EGBE psGBE OGE

State J p Mass gA Mass gA Mass gA

N∗(1535) 1
2
−

1498 0.02 1519 0.09 1520 0.13
N∗(1650) 1

2
−

1581 0.51 1647 0.46 1690 0.44
N∗(1520) 3

2
−

1524 -0.64 1519 -0.21 1520 -0.15
N∗(1700) 3

2

−
1608 -0.10 1647 -0.50 1690 -0.47

N∗(1675) 5
2

−
1676 0.84 1647 0.83 1690 0.80

of gA are of comparable (medium) sizes, but the one of
the negative-parity partner being bigger. Within theJP =
3
2
±

pair N∗(1720) andN∗(1700) the relation is again re-
versed, with the negative-parity partner exhibiting a nega-
tive value forgA. Finally, for theJP = 5

2
±

pair N∗(1680)
andN∗(1675) the axial charges are similar but have sizable
magnitudes close to 1, showing no trend of decrease with
growing JP. In the present study we have not gone higher
in nucleon resonances, because we cannot be sure that a
RCQM with an infinitely rising confinement is appropri-
ate for excitations beyond 2 GeV. TheJP = 3

2
−

resonance
N∗(1520) has no parity partner. It has been claimed to be
coupled strongly to theπNN channel [28]. We find a nega-
tive axial charge of considerable magnitude, at least for the
EGBE RCQM. In this case the predictions of the different
types of RCQMs are rather distinct, as already mentioned
above in connection with the other such stateN∗(1700)
showing a pronounced sensitivity to specific components
in the hyperfine interaction.

4 Summary

We have presented first results from a study of axial charges
of theN ground state andN∗ resonances within the RCQM.
From the comparisons that can be made so far on the one
hand to experiment and on the other hand to lattice QCD
data, we find quite reasonable predictions at least by the
RCQMs relying on a hyperfine interaction derived from
GBE. This kind of dynamics is supposed to model the
spontaneous breaking of chiral symmetry in low-energy
QCD. It produces aN excitation spectrum in close agree-
ment with phenomenology. In particular, it guarantees the
right level orderings of positive- and negative-parity nu-
cleon resonances. Due to its explicit flavor dependence it
is capable of describing at the same time and in a unified
manner also theΛ spectrum as well as all other excitation
spectra of the singlet, octet as well as decuplet states below
∼1.9 GeV. Evidently, the GBE RCQM has no mechanism
for chiral-symmetry restoration built in. As such it cannot
be expected to yield results consistent with a scenario of
chiral-symmetry restoration in higher hadron spectra. At
present it is still an open problem, however, whether such
a behaviour of QCD is indeed reflected in the higherN∗

resonances and if yes from which excitation energy on it
will appear. As the RCQM results agree with what is so
far known from lattice QCD and other sources, it remains
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as anexciting question how these comparisons will finally
turn out, once further results on axial charges ofN∗ reso-
nances will become available from the other approaches.
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