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We used the recent formulation of Chiral Quark-Soliton Model on the light cone to study static
baryon properties by means of light-cone baryon wave functions. This model considers light
baryons as made of quarks bound by a relativistic mean pion field with a non-trivial topology. The
expression for light-cone wave functions incorporates chiral symmetry and special relativity, and
therefore naturally the whole quark-antiquark sea plus quark orbital angular momentum. Using
these light-cone wave functions we have computed many observables, such as vector, axial and
tensor charges, and magnetic moments for octet, decuplet and even hypothetic antidecuplet. Our
results are compared with the available experimental data.
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1. Introduction
Light-cone wave functions provide a very powerful tool to study the nucleon structure. While
usually these wave functions are chosen rather arbitrarily, e.g. harmonic oscillator solutions, the
Chiral Quark-Soliton Model provide us with a consistent wave function derived from an effective
Lagrangian.

2. Relativistic Mean Field Approximation


LχQSM = ψ̄ iγ µ ∂µ − MU γ5 ψ,
where U γ5 is a matrix incorporating the pion field. In the large NC limit, the pion field can be
considered as a solitonic mean field. The spectrum of this model consists of a discrete level and
a whole Dirac sea. The position of the discrete level and the distortion of the Dirac sea are directly related to the size of the soliton. The soliton profile is obtained self-consitently by requiring
minimization of the nucleon mass.
One can write an expression for the baryon wave function
" Z
#
Z

NC

|ΨB i =

∏

(dpi )F(pi )a† (pi ) exp

(dp)(dp0 ) a† (p)W (p, p0 )b† (p0 ) |Ω0 i,

(2.1)

i=1

where the first factor corresponds to filling in the discrete level with NC quarks and the second
one is the coherent exponential describing the whole Dirac sea. The function F(p) represents the
wave function of a discrete-level quark and W (p, p0 ) the wave function of a quark-antiquark pair.
These are obtained by solving the one-particle Hamiltonian and quark propagator in the soliton
background.
Since the model is relativistically invariant, (2.1) can be translated to the infinite momentum
frame (IMF). In this particular frame, W is a function of the fractions of the baryon longitudinal
momentum carried by the quark z and antiquark z0 of the pair and their transverse momenta p⊥ , p0⊥
0 0
W jjσ
0 σ 0 (z, p⊥ ; z , p⊥ ) =

MM n j
Σ j0 (q)[M(z0 − z)τ3 + Q⊥ · τ⊥ ]σσ 0
2πZ
o
−iΠ jj0 (q)[−M(z0 + z)1 + iQ⊥ × τ⊥ ]σσ 0 ,

(2.2)

where q = ((p + p0 )⊥ , (z + z0 )M ) is the three-momentum of the pair as a whole transferred from
the background fields Σ(q) and Π(q), τ1,2,3 are Pauli matrices, M is the baryon mass and M is the
constituent quark mass. In order to simplify the notations we used
2
0 2
2
Z = M 2 zz0 (z + z0 ) + z(p02
⊥ + M ) + z (p⊥ + M ),

Q⊥ = zp0⊥ − z0 p⊥ .

The discrete-level wave function in IMF is given by
r


M
jσ
σ jσ 0 j(p)
jσ
ε h(p) + (pz 1 + ip⊥ × τ⊥ )σ 0 ε
,
F (z, p⊥ ) =
2π
|p| pz =zM −Elev
2

(2.3)

(2.4)
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Chiral Quark-Soliton Model (χQSM) is based on the following Lagrangian
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3Q

5Q

7Q

B8 & B10

≈ 72%

≈ 21%

≈ 7%

B10

0%

≈ 61%

≈ 39%

Table 1: Baryon composition up to the 7Q contribution.

3. Results
In this contribution to the proceedings, we present only a selected part of our results. The
complete list can be found in [2] and further papers in preparation.
3.1 Baryon Components
Since (2.1) incorporates the whole tower of Fock components, one can estimate which fraction
of the baryon is actually made of n quarks (nQ). Table 1 shows the composition of light baryons
in terms of Fock components up to 7Q. Concerning ordinary baryons, our estimate for the 5Q
component is consistent with other approaches. What is interesting is the estimation of the 7Q
contribution. As expected, it is rather small but might be non-negligible. For exotic baryons, there
cannot be any 3Q contribution. Note however that the dominant contribution (5Q) is smaller than
the dominant one (3Q) in ordinary baryons. One can therefore expect exotic baryons to be more
sensible to the Dirac sea.
3.2 Angular Momentum
χQSM is a relativistic model. Quark wave function has therefore both L = 0 (h) and L = 1
( j) contributions. Due to the latter one, vector, axial and tensor currents do not see the same quark
distribution. We should not therefore expect axial and tensor charges to be the same, as predicted
by the non-relativistic Naive Quark Model (NQM). Like other relativistic models, χQSM suggests
the following pattern in magnitudes:
|q| > |δ q| > |∆q|.
3

(3.1)
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where h and j are the upper and lower components of the Dirac spinor, respectively, and Elev = 200
MeV. They are obtained self-consistently for the quark mass M = 345 MeV. For more details, see
[1, 2].
The baryon light-cone wave function (2.1) is expanded in Fock space and allows one to compute individually the contribution of each Fock component. Charges are simply obtained by considering the matrix element of the corresponding quark current between the Fock components of
the baryon. Using the Drell-Yan-West frame, only the diagonal transitions in Fock space will contribute, i.e. n quarks into n0 quarks with n = n0 . Note also that (2.1) is a generic formula for
all members of the lowest octet, decuplet and hypothetic antidecuplet. In actual computation one
performs a rotation of (2.1) in ordinary and flavor spaces, and then projects it onto the quantum
numbers of a given baryon.
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(3)

(8)

(0)

gA

gA

gA

NR 3Q

1.667

0.577

1

3Q

1.435

0.497

0.861

3Q+5Q

1.241

0.444

0.787

Exp.

1.257 ± 0.003

0.34 ± 0.02

0.31 ± 0.07

Indeed, a vector probe will see the following quark density
h2 + 2

p2 + p2
pz
h j + z 2 ⊥ j2 ,
|p|
p

while an axial probe will see
h2 + 2

p2 − p2
pz
h j + z 2 ⊥ j2
|p|
p

and a tensor probe will see
h2 + 2

p2
pz
h j + 2z j2 .
|p|
p

Note that if we keep the last term only, we recover the Melosh rotation. However, it is known that
a completely covariant picture asks for both h and j [3]. The first two terms are not negligible and
one can expect that the correct relativistic effect due to orbital angular momentum is smaller than
the one obtained through Melosh rotation.
3.3 Axial Charges
Table 2 shows the axial charges of the proton. The first line corresponds to the non-relativistic
limit (3Q only in L = 0 state) and coincides exactly with NQM, as it should be. The second line
corresponds to the case where there are three relativistic quarks. The change is therefore due to
the orbital angular momentum of the quarks. Note that as expected, the effect is smaller than the
one obtained by pure Melosh rotation. The third line incorporates the correction obtained when one
adds an extra quark-antiquark pair to the picture. Both quark orbital angular momentum and quarkantiquark pairs bring the axial charges closer to experimental values (fourth line). The discrepancy
(0)
observed mainly for gA could in principle be attributed to the fact that the present approach is
based on flavor SU(3) symmetry [4]. The model scale is Q20 = 0.36 GeV2 .
3.4 Proton Flavor Content
Since we have explicit nQ light-cone wave functions, it is rather easy to separate the contribution of individual flavors. Moreover, it is also possible to separate the discrete-level, sea quark
and antiquark contributions. Table 3 shows the different contributions to the proton vector content up to the 7Q contribution. The first column contains the discrete-level contribution, while the
next two columns contain the sea contribution that arise from the non-leading Fock components.
4
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Table 2: Axial charges of the proton.
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qval

qs

q̄

qtot

u

1.923

0.202

0.125

2

d

1.017

0.128

0.145

1

s

0.060

0.028

0.088

0

Table 3: Vector content of the proton up to 7Q.

µ p (µN )

µn (µN )

3Q

-1.5

2.534

-1.689

3Q+5Q

-1.479

2.900

-1.961

Exp.

-1.460

2.793

-1.913

Table 4: Proton and neutron magnetic moments.

The last column gives the effective number of quark qval + qs − q̄, or valence quarks. One can
identify valence and discrete-level quarks only in a perturbative picture (gluon splitting) of the sea
where qs = q̄. In a non-perturbative picture, the flavor content of the discrete level is perturbed
(baryon-meson fluctuation).
Let us note two remarkable features of the non-perturbative picture. First, we obtain an
isospin-asymmetric sea leading to the violation of Gottfried sum rule [5]. However, the model
does not reproduce quantitatively this violation d¯ − ū = 0.019 (χQSM) v.s. 0.118 ± 0.012 (Exp.)
[6]. Second, since the discrete level contains strangeness, one should expect to observe an asymmetric strange quark distribution s(z) − s̄(z) 6= 0. Another consequence of this would be a non-zero
strangeness contribution to tensor charges, the latter being only sensitive to discrete-level contribution.
3.5 Nucleon Magnetic Moments
One of the most striking successes of this approach concerns the evaluation of magnetic moments. Table 4 shows our values for the proton and magnetic moments compared to experimental
data. First of all, one can notice the nice matching. We would like to emphasize that the technique
used is a totally ab initio computation and does not therefore contain a fitting procedure to experimental values. Note also that the 5Q contribution is important. This means that the sea contributes
significantly to the nucleon magnetic moments.
3.6 γN → ∆ Transition and Baryon Shape
One cannot observe any quadrupole distortion of a spin-1/2 particle. Such a distortion can
however be observed in the electromagnetic transition between nucleon and ∆. Table 5 shows our
values for the γN → ∆ transition observables compared to experimental data. A non-vanishing
negative value for G∗E indicates that the system is oblate. We have also shown explicitly that G∗E is
directly proportional to the quadrupolar moment generated by the sea.
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µ p /µn
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3Q+5Q

Exp.

A3/2 (GeV−1/2 )

-0.296

-0.232

-0.250±0.008

A1/2 (GeV−1/2 )

-0.171

-0.129

-0.135±0.006

G∗M (µN )

2.389

2.820

2.798

G∗E (µN )

0

0.026

0.046

0

-0.9%

-1.6%

0.411

0.573

0.564

REM =

G∗
− G∗E
M

Γ p∆ (MeV)

Table 5: γN → ∆ transition observables.
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