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The implications of the quark sea generation through the chiral fluctuations have been studied in the
context of quark flavor distribution functions for the spin − ð3=2Þþ decuplet baryons. The chiral constituent
quark model allows a simple and intuitive method to investigate the principle features of the hadron
structure and is able to qualitatively generate the requisite amount of quark sea. It is also known to provide a
satisfactory justification for the chiral symmetry breaking and SU(3) symmetry breaking. In light of the
recent developments to test the mechanism for the quark sea generation, the quark sea asymmetries d̄ − ū,
d̄=ū and the fraction of a particular quark FB�

q ¼ ðqB� þ q̄B
�
=
P

qðqB� þ q̄B
� ÞÞ have been studied for the

spin − ð3=2Þþ decuplet baryons. The suppression factors estimating the strange quark content with respect
to the nonstrange quarks in theΔ baryons and the suppression factors estimating the u and d quark contents
with respect to the strange quarks in Ω− baryons have also been discussed.

DOI: 10.1103/PhysRevD.103.014016

I. INTRODUCTION

In the present day, the study of composition of baryons is
one of the active areas in hadronic physics and is primarily
the study of the generation of quark sea and is dynamics.
Due to its complexity, it still remains to be a major
unresolved issue in high energy physics. After the first
major surprise of presence of pointlike constituents in the
nucleon, revealed in the deep inelastic scattering (DIS)
experiments [1], several efforts have been made to probe
the proton structure. The DIS results surprisingly [2–5]
indicated that the constituent quarks of the proton carry
only about 30% of its spin which was in contradiction with
the structure envisaged in the naive constituent quark model
(NQM) [6–8]. Several experiments were conducted to
probe the structure and all of them indicated the presence
of indistinct sea of quark-antiquark pairs apart from the
constituent quarks. Recently, experiments from the elastic
scattering of electrons have been performed in SAMPLE at
MIT-Bates [9], G0 at JLab [10], PVA4 at MAMI [11], and
HAPPEX at JLab [12] and they have clearly indicated the
role played by the nonconstituent quarks in understanding
the charge, current, and spin structure of the nucleon.
A major finding from the famous DIS experiment by the

New Muon Collaboration (NMC) in 1991 [13] further
established this fact by measuring the violation of the
Gottfried sum rule (GSR) (

R
1
0 ½d̄ðxÞ − ūðxÞ�dx) [14] clearly

indicating excess of d̄ over ū quarks which are otherwise
absent in the baryons. The quark sea asymmetry of the
unpolarized quarks leading to excess of d̄ over ū was
subsequently confirmed by other experiments performed in
E866 at Fermilab [15], NA51 [16], and HERMES [17].
These experiments measured the different quark sea

asymmetries like d̄=ū, d̄ − ū ≠ 0, d̄−ū
u−d and reinforced the

fact that the structure of the nucleon is not limited to just u
and d quarks. One possibility to account for the observed
quark sea asymmetry is through the perturbative production
of the quark-antiquark pairs by gluons. However, this
process produces nearly equal numbers of ū and d̄ and
therefore the sea quarks were expected to be nonperturba-
tive in nature.
The observed quark sea asymmetry has been attempted

to be explained using the pion cloud mechanism [18]. In
this case, the quark sea is believed to originate from process
such as virtual pion production. In the deep inelastic lepton-
nucleon scattering, the lepton probe is also suggested to
scatter off the pion cloud surrounding the target proton.
Therefore, the pion cloud idea needs to be improved upon
by adopting a mechanism which operates in the interior of
the hadron. This is intrinsically a nonperturbative phe-
nomenon and because of confinement, it is still a big
challenge to perform these calculations from the first
principles of quantum chromodynamics (QCD).
The meson-baryon component of the proton arises from

the two processes: p → πþn and p → π0p. In p → πþn,
πþðd̄uÞ naturally contains an excess of d̄ whereas in
p → π0p, π0ðūu; d̄dÞ produces equal numbers of ū and
d̄. However, p → π0p does not affect the d̄ and ū
asymmetry since it is suppressed by a factor of 2 by
isospin couplings as compared to p → πþn. Further, the
excess of d̄ could be significantly reduced by the emissions
such as p → Δþþ þ π− with π−ðūdÞ cloud having excess
of ū quarks but again the N → πN dominates over the N →
πΔ process and a significant d̄ > ū asymmetry can be
accounted for. It would be interesting to mention here that
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for the case of Δ baryons, the processes Δ → πΔ and Δ →
πN both favor the production of πþ over π− and π0 hence
has excess of d̄ as compared to ū.
There has been considerable progress in the past few

years to understand the origin of the sea quark flavor
structure for the case of nucleon and other octet baryons
[19–30]; however, the different models differ in the
assumptions and there is no consensus regarding the origin
of quark sea. Further, the information on the explicit
strange quark sea is obtained from the neutrino-induced
DIS experiments [31] where it has been emphasized that
the region x > 0.3 is dominated by the constituent quark
distributions whereas the sea quarks dominate in the region
x < 0.3. This has been further endorsed by CDHS [32],
CCFR [33,34], CHARMII [35], NOMAD [36,37], NuTeV
[38], and CHORUS [39]. These experiments clearly point
out the need for additional data toward extended kinematic
range and more accuracy of the quark sea asymmetry which
are being currently studied at the ongoing Drell-Yan
experiment at Fermilab [40] and a proposed experiment
at J-PARC facility [41]. In view of the above experimental
developments, it becomes desirable to measure the quark
sea asymmetry for the case of Δ baryons as well as the
other baryons in the spin − 3

2
þ decuplet which would

undoubtedly provide vital clues to the nonperturbative
aspects of QCD.
This motivates us to use the chiral constituent quark

model (χCQM) [42] which is based on the idea that chiral
symmetry breaking takes place at a distance scale
much smaller than the confinement scale. This is an
effective interaction Lagrangian approach of the strong
interactions where the effective degrees of freedom are the
constituent quarks and the internal Goldstone bosons (GBs)
which are coupled to the constituent quarks [43–46]. The
χCQM successfully explains the “proton spin problem”
[46], magnetic moments of octet and decuplet baryons
including their transitions and the Coleman-Glashow sum
rule [47], hyperon β decay parameters [48], magnetic
moments of octet baryon resonances [49], magnetic
moments ofΛ resonances [50], charge radii and quadrupole
moment [51], quark sea asymmetry for the case of octet
baryons [52], etc.
The purpose of the present communication is to study the

implications of the quark sea generation through the chiral
fluctuations and estimate the quark flavor distribution
functions for the spin − 3

2
þ decuplet baryons. We will

use the chiral χCQM which allows a simple and intuitive
method to investigate these quantities and is also one of the
most successful phenomenological models which provides
a satisfactory justification for the chiral symmetry breaking
and SU(3) symmetry breaking. In particular, after the recent
developments to test the mechanism for the quark sea
generation, we would like to understand in detail the quark
sea asymmetries d̄ − ū, quark sea ratios d̄=ū, and the

fraction of a particular quark FB�
q ¼ qB

�þq̄B
�P

q
ðqB�þq̄B

� Þ in the

spin − 3
2
þ decuplet baryons. Further, it would be interesting

to extend the calculations to predict the suppression factors
corresponding to the strange quark content with respect to
the nonstrange quarks in the Δ baryons and the suppression
factors estimating the u and d quark contents with respect
to the strange quarks in Ω− baryons. These results will
explicitly describe the role of nonconstituent degrees of
freedom and also provide important constraints on the
future experiments to measure the structure of spin − 3

2
þ

decuplet baryons.

II. CHIRAL CONSTITUENT QUARK MODEL

The dynamics of light quarks (u, d, and s) and the
internal structure of the baryons can be described using the
QCD Lagrangian. However, under the chiral transforma-
tion for the quark fields ψ → γ5ψ , the Lagrangian does not
remain invariant and changes sign because of the mass
terms. If the mass terms in the QCD Lagrangian are
neglected, it will have global chiral symmetry of the
SUð3ÞL × SUð3ÞR group. At a scale of around 1 GeV, this
chiral symmetry is spontaneously broken as SUð3ÞL ×
SUð3ÞR → SUð3ÞLþR which results in creating a set of
massless GBs identified as π, K, η mesons. A ninth GB η0
also exists as the QCD Lagrangian is also invariant under
the axial Uð1Þ symmetry. Within the region of QCD
confinement scale (ΛQCD ≃ 0.1–0.3 GeV) and the chiral
symmetry breaking scale ΛχSB, the constituent quarks
and the nonet of GBs form the appropriate degrees of
freedom.
Weinberg introduced the χCQM which was further

developed by Manohar and Georgi [42]. The underlying
idea of χCQM is the fluctuation process where the GBs
couple directly to the constituent quarks in the hadron
interior as

q� → GBþ q0∓ → ðqq̄0Þ þ q0∓; ð1Þ

where qq̄0 þ q0 constitute the “quark sea” [43,44,46]. The
effective Lagrangian describing interaction between quarks
and a nonet of GBs forms the basis for the χCQMwhich, in
the leading order, can be expressed as

Lint ¼ −
gA
fπ

ψ̄∂μΦγμγ5ψ ð2Þ

and further simplified using the Dirac equation ðiγμ∂μ −
mqÞq ¼ 0 to

Lint ≈ i
X

q¼u;d;s

mq þmq0

fπ
q̄0Φγ5q ¼ i

X
q¼u;d;s

Pπq̄0Φγ5q: ð3Þ
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Here gA is the axial-vector coupling constant and

Pπð¼ mqþmq0
fπ

Þ is the coupling constant for octet of GBs and
mq (mq0) is the quark mass parameter. The Lagrangian of the
quark-GB interaction, suppressing all the space-time struc-
ture to the lowest order, can now be expressed as

Lint ¼ Pπψ̄Φψ : ð4Þ

The QCD Lagrangian is also invariant under the axial Uð1Þ
symmetry, which would imply the existence of ninth GB.
This breaking symmetry picks the η0 as the ninth GB. The
effective Lagrangian describing interaction between quarks
and a nonet of GBs, consisting of octet and a singlet, can now
be expressed as

Lint ¼ Pπψ̄

�
Φþ Pη0

η0ffiffiffi
3

p I

�
ψ ¼ Pπψ̄ðΦ0Þψ : ð5Þ

Here Pη0 is the ratio of the coupling constants for the singlet
and octet GBs.

The chiral fluctuations possible from Eq. (1) are given as

u ⇌ ðdþ πþÞ þ ðsþ KþÞ þ ðuþ π0; η; η0Þ;
d ⇌ ðuþ π−Þ þ ðsþ K0Þ þ ðdþ π0; η; η0Þ;
s ⇌ ðuþ K−Þ þ ðdþ K̄0Þ þ ðsþ η; η0Þ: ð6Þ

The chiral fluctuations to π, K, η, and η0 are, respectively,
determined from the transition probabilities P2

π , P2
K , P

2
η,

and P2
η0 [43,44,46]. These probabilities quantify the extent

to which the quark sea contributes to the structure of the
baryon. The transition probability P2

π is fixed by consid-
ering the strange and nonstrange quark masses to be
nondegenerate Ms > Mu;d, the transition probabilities P2

K

and P2
η are fixed by considering GB masses of K, η, and π

to be nondegenerate MK;η > Mπ , and finally the transition
probability P2

η0 is fixed by considering GB masses η0, K,
and η to be nondegenerate Mη0 > MK;η.
The GB field Φ0 can be expressed in terms of the GBs

and their transition probabilities as

Φ0 ¼

0
BB@

π0ffiffi
2

p þ Pη
ηffiffi
6

p þ Pη0
η0ffiffi
3

p πþ PKKþ

π− − π0ffiffi
2

p þ Pη
ηffiffi
6

p þ Pη0
η0ffiffi
3

p PKKo

PKK− PKK̄0 −Pη
2ηffiffi
6

p þ Pη0
η0ffiffi
3

p

1
CCA: ð7Þ

The transition probability of the emission of a GB from any of the q quark, Pðq → GBÞ, can now be expressed in terms of
the transition probabilities P2

π , P2
K, P

2
η, and P2

η0 . We have

Pðu → GBÞ ¼ Pðd → GBÞ ¼ P2
π

6
ð9þ 6P2

K þ P2
η þ 2P2

η0 Þ; ð8Þ

Pðs → GBÞ ¼ P2
π

3
ð6P2

K þ 2P2
η þ P2

η0 Þ: ð9Þ

The transition probability of the emission of a q constituent quark to all the possible q0 ¼ u, d, s quarks along with GBs
(qq̄0), Pðq → qq̄0 þ q0Þ, as calculated from the Lagrangian, can be expressed as

Pðu → uq̄0 þ q0Þ ¼ P2
π

36
½63þ 36P2

K þ 6Pη þ 7P2
η þ 4PηPη0 þ 12Pη0 þ 16P2

η0 �u

þ P2
π

36
½9þ 6Pη þ P2

η þ 4PηPη0 þ 12Pη0 þ 4P2
η0 �ū

þ P2
π

36
½45 − 6Pη þ P2

η þ 4PηPη0 − 12Pη0 þ 4P2
η0 �ðdþ d̄Þ

þ P2
π

9
½9P2

K þ P2
η − 2PηPη0 þ P2

η0 �ðsþ s̄Þ; ð10Þ
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Pðd → dq̄0 þ q0Þ ¼ P2
π

36
½45 − 6Pη þ P2

η þ 4PηPη0 − 12Pη0 þ 4P2
η0 �ðuþ ūÞ

þ P2
π

36
½63þ 36P2

K þ 6Pη þ 7P2
η þ 4PηPη0 þ 12Pη0 þ 16P2

η0 �d

þ P2
π

36
½9þ 6Pη þ P2

η þ 4PηPη0 þ 12Pη0 þ 4P2
η0 �d̄

þ P2
π

9
½9P2

K þ P2
η − 2PηPη0 þ P2

η0 �ðsþ s̄Þ; ð11Þ

Pðs → sq̄0 þ q0Þ ¼ P2
π

9
½9P2

K þ P2
η − 2PηPη0 þ P2

η0 �ðuþ ūþ dþ d̄Þ

þ P2
π

9
½18P2

K þ 10P2
η þ 4PηPη0 þ 4P2

η0 �s

þ P2
π

9
½4P2

η þ 4PηPη0 þ P2
η0 �s̄: ð12Þ

The flavor structures for the spin − 3
2
þ decuplet baryons are expressed as

ΔþþðuuuÞ ¼ 3Pðu → GBÞuþ 3Pðu → uq̄0 þ q0Þ;
ΔþðuudÞ ¼ 2Pðu → GBÞuþ Pðd → GBÞdþ 2Pðu → uq̄0 þ q0Þ þ Pðd → dq̄0 þ q0Þ;
Δ0ðuddÞ ¼ Pðu → GBÞuþ 2Pðd → GBÞdþ Pðu → uq̄0 þ q0Þ þ 2Pðd → dq̄0 þ q0Þ;
Δ−ðdddÞ ¼ 3Pðd → GBÞdþ 3Pðd → dq̄0 þ q0Þ;
Σ�þðuusÞ ¼ 2Pðu → GBÞuþ Pðs → GBÞsþ 2Pðu → uq̄0 þ q0Þ þ Pðs → sq̄0 þ q0Þ;
Σ�0ðudsÞ ¼ Pðu → GBÞuþ Pðd → GBÞdþ Pðs → GBÞs

þ Pðu → uq̄0 þ q0Þ þ Pðd → dq̄0 þ q0Þ þ Pðs → sq̄0 þ q0Þ;
Σ�−ðddsÞ ¼ 2Pðd → GBÞdþ Pðs → GBÞsþ 2Pðd → dq̄0 þ q0Þ þ Pðs → sq̄0 þ q0Þ;
Ξ�0ðussÞ ¼ Pðu → GBÞuþ 2Pðs → GBÞsþ Pðu → uq̄0 þ q0Þ þ 2Pðs → sq̄0 þ q0Þ;
Ξ�−ðdssÞ ¼ Pðd → GBÞdþ 2Pðs → GBÞsþ Pðd → dq̄0 þ q0Þ þ 2Pðs → sq̄0 þ q0Þ;
Ω−ðsssÞ ¼ 3Pðs → GBÞsþ 3Pðs → sq̄0 þ q0Þ: ð13Þ

III. QUARK FLAVOR DISTRIBUTIONS

The quark flavor distributions of the spin − 3
2
þ decuplet

baryons can be evaluated using the scalar matrix elements
which are in general defined as follows [43]:

dB�3
2
þ ≡ hB�3

2
þjN qþq− jB�3

2
þi; ð14Þ

where jB�3
2
þi is the SU(6) wave function (detailed in

Ref. [53]) and N qq̄ is the number operator measuring
the sum of the quark and antiquark numbers,

N qq̄ ¼
X

q¼u;d;s

ðnqqþ nq̄q̄Þ

¼ nuuþ nūūþ nddþ nd̄d̄þ nssþ ns̄s̄; ð15Þ

with the coefficients nqðq̄Þ being the number of qðq̄Þ quarks
with electric charge eqðeq̄).
The quark flavor distributions receive contribution from

the constituent as well as the sea quark distributions as
follows:

dB�3
2
þ ¼ qB

�
Const þ qB

�
Sea: ð16Þ

The sea quarks coming from the GB fluctuation process
comprise quark as well as antiquark distributions. We can
therefore express the sea quark distributions as the sum of
quark and antiquark distributions as

dB�3
2
þ ¼ qB

�
Const þ ½qB� þ q̄B

� �Sea: ð17Þ

HARLEEN DAHIYA PHYS. REV. D 103, 014016 (2021)

014016-4



The quark flavor distributions now have mainly two parts:
(i) q quark contribution from the constituent quarks as well
as q quark contribution from the sea quarks and (ii) q̄
antiquark contribution purely from the sea quarks. We have

dB�3
2
þ ¼ qB

� þ q̄B
�
: ð18Þ

The normalization conditions integrated over the Bjorken
variable x for the constituent quark distribution functions
of the spin − 3

2
þ decuplet baryons can be summarized in

Table I.
The antiquark densities of the spin − 3

2
þ decuplet bary-

ons, which are basically the coefficients nq̄ of the number
of q̄ quarks, can easily be calculated using Eqs. (8)–(13).
The results have been presented for ΔþþðuuuÞ, ΔþðuudÞ,
Δ0ðuddÞ, Δ−ðdddÞ, Σ�þðuusÞ, Σ�0ðudsÞ, Σ�−ðddsÞ,
Ξ�0ðussÞ, Ξ�−ðdssÞ, and Ω−ðsssÞ in Table II.
Another important quantity which is relevant to under-

stand the flavor structure of the spin − 3
2
þ decuplet baryons

is the fraction of particular quark and antiquark present in a
baryon relative to the total number of the quarks and
antiquarks. It determines the explicit amount of sea quarks
present in the baryon in comparison to the constituent
quarks. We have

FB�
q ¼ qB

� þ q̄B
�PðqB� þ q̄B

� Þ ; ð19Þ

where qB
�
and q̄B

�
are the number of quarks and antiquarks

for the decuplet baryons, and
PðqB� þ q̄B

� Þ is the sum of
all the quarks and antiquarks present in a particular baryon.
Further, suppression factors (ρB

�
and κB

�
) which give the

strange quark content present with respect to the non-
strange quarks are important, particularly in the case of Δ
baryons, as the strange quarks are otherwise not present in
the Δ baryons. They come only from the quark sea and
are hence important to understand the internal structure.
We have TA

B
L
E
II
.

T
he

se
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qu
ar
k
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nt
iq
ua
rk
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di
st
ri
bu
tio

n
fu
nc
tio

ns
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th
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sp
in
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3 2
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de
cu
pl
et
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ry
on
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B
ar
yo
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ūB
�

S
d̄B

�
S
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�
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Δ
þþ
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1
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þ
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P
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þ
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P
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1
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P
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þ
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2
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þ
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−
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þ
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þ
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P
η
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þ ð
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P
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1
2
½21

þ
2
P
η
þ
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þ
2
P
η
þ
3
P
2 η
−
4
P
η
P
η0
þ
4
P
η0
þ
4
P
2 η0
�

P
2 π 3
½3P

2 K
þ
3
P
2 η
þ
2
P
η
P
η0
þ
P
2 η0
�

Ω
−
ðss

sÞ
P
2 π 9
½9P

2 K
þ
P
2 η
−
2
P
η
P
η0
þ
P
2 η0
�

P
2 π 9
½9P

2 K
þ
P
2 η
−
2
P
η
P
η0
þ
P
2 η0
�

P
2 π 9
½4P

2 η
þ
4
P
η
P
η0
þ
P
2 η0
�TABLE I. The normalization conditions for the constituent

quark distributions of the spin − 3
2
þ decuplet baryons.

Baryon
R
1
0 uB

�
ConstðxÞdx

R
1
0 dB

�
ConstðxÞdx

R
1
0 sB

�
ConstðxÞdx

ΔþþðuuuÞ 3 0 0
ΔþðuudÞ 2 1 0
Δ0ðuddÞ 1 2 0
Δ−ðdddÞ 0 3 0
Σ�þðuusÞ 2 0 1
Σ�0ðudsÞ 1 1 1
Σ�−ðddsÞ 0 2 1
Ξ�0ðussÞ 1 0 2
Ξ�−ðdssÞ 0 1 2
Ω−ðsssÞ 0 0 3
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ρB
�

s ¼ sB
� þ s̄B

�

uB
� þ dB

� ;

κB
�

s ¼ sB
� þ s̄B

�

ūB
� þ d̄B

� : ð20Þ

To numerically calculate the phenomenological quan-
tities pertaining to the quark flavor distribution functions,
we have to first fix the probabilities of fluctuations to pions,
K, η, η0 which have already been defined in χCQM.
These parameters can be fixed by taking into account
the physical considerations involving the GBs. To start
with, it is important to fix a hierarchy for the transition
probabilities. Based on the scaling of the quark contribu-
tions 1

M2
q
, a constraint can be fixed as

P2
π > P2

πP2
K > P2

πP2
η > P2

πP2
η0 : ð21Þ

Since no experimental data are available for the case of
spin − 3

2
þ decuplet baryons, we will use the same set of

parameters as used for the case of flavor distribution
functions of the nucleon [54]. The input parameters used
in the present work are

P2
π ¼ 0.114; P2

K ¼ 0.202;

P2
η ¼ 0.202; P2

η0 ¼ 0.562: ð22Þ

Using the above set of parameters, the sea quark flavor
distribution functions and related flavor-dependent func-
tions for the case of ΔþþðuuuÞ, ΔþðuudÞ, Δ0ðuddÞ,
Δ−ðdddÞ, Σ�þðuusÞ, Σ�0ðudsÞ, Σ�−ðddsÞ, Ξ�0ðussÞ,
Ξ�−ðdssÞ, and Ω−ðsssÞ baryons have been presented in
Table III.
In order to study the results in χCQM and its advantage

over the naive quark models, we first need to compare the

results for the quantities in the NQM where only the
constituent quarks contribute. NQM, which is quite suc-
cessful in explaining a good deal of low energy data [6–8],
has the following predictions for the above mentioned
quantities:

ūB
� − d̄B

� ¼ 0;

ūB
�
=d̄B

� ¼ −;

FΔ
s ¼ 0;

ρΔs ¼ 0;

κΔs ¼ 0;

FΩ
u ¼ FΩ

d ¼ 0;

ρΩu ¼ ρΩd ¼ 0;

κΩu ¼ κΩd ¼ 0: ð23Þ

The results for the χCQM given in Table III clearly
indicate that the Δþþ and Δþ quark sea contains more
number of d̄Δ quarks than the ūΔ quarks. The results for Δ−

and Δ0 are reversed as expected from isospin asymmetry.
The ratio ūΔ=d̄Δ for Δþþ, Δþ, Δ0, and Δ− is 0.660, 0.872,
1.146, and 1.515, respectively. Since the ūΔ (d̄Δ) sea quarks
increase (decrease) with the decreasing (increasing) u (d)
constituent quarks in the Δ baryons, the ratio therefore
increases as the u constituent quark decreases. This is
because in the case of Δ baryons the production of πþ is
favored over π− and hence the ūΔ − d̄Δ asymmetry.
Similarly, in the case of Σ�þ, Σ�0, and Σ�−, the ratio is
0.692, 1.000, and 1.445, respectively. For Ξ�0 and Ξ�−, it is
0.759 and 1.317, respectively. Future experiments to
measure the quark content of the spin − 3

2
þ decuplet

baryons would not only justify the quark sea asymmetry

TABLE III. The χCQM results for the sea quark flavor distribution functions and related flavor-dependent functions for the spin − 3
2
þ

decuplet baryons.

B�

Quantity ΔþþðuuuÞ ΔþðuudÞ Δ0ðuddÞ Δ−ðdddÞ Σ�þðuusÞ Σ�0ðudsÞ Σ�−ðddsÞ Ξ�0ðussÞ Ξ�−ðdssÞ Ω−ðsssÞ
ūB

� 0.232 0.272 0.312 0.352 0.179 0.219 0.259 0.126 0.166 0.024
d̄B

� 0.352 0.312 0.272 0.232 0.259 0.219 0.179 0.166 0.126 0.024
s̄B

� 0.136 0.136 0.136 0.136 0.083 0.083 0.083 0.093 0.093 0.034
ūB

�
=d̄B

� 0.660 0.872 1.146 1.515 0.692 1 1.445 0.759 1.317 1
ūB

� − d̄B
� −0.120 −0.040 0.040 0.120 −0.080 0 0.080 −0.040 0.040 0

FB�
u ¼ uB

�þūB
�P

q
ðqB�þq̄B

� Þ
0.868 0.611 0.352 0.095 0.618 0.346 0.073 0.332 0.049 0.008

FB�
d ¼ dB

�þd̄B
�P

q
ðqB�þq̄B

� Þ
0.095 0.352 0.611 0.868 0.073 0.346 0.618 0.049 0.332 0.008

FB�
s ¼ sB

�þs̄B
�P

q
ðqB�þq̄B

� Þ
0.037 0.037 0.037 0.037 0.307 0.307 0.307 0.618 0.618 0.984

ρB
�

s ¼ sB
�þs̄B

�

uB
�þdB

� 0.076 0.076 0.076 0.076 0.339 0.339 0.339 0.664 0.664 1.006

κB
�

s ¼ sB
�þs̄B

�

ūB
�þd̄B

� 0.467 0.467 0.467 0.467 2.658 2.568 2.568 7.493 7.493 63.485
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present but also strengthen the qualitative and quantitative
roles of the sea quarks in understanding the dynamics of the
constituents of the baryons.
For the case of fraction of a particular quark present in

the baryon FΔ
q ¼ qΔþq̄ΔP

q
ðqΔþq̄ΔÞ, we find that FΔ

u is maximum

for Δþþ which has maximum number of u quarks in the
constituent structure and FΔ

d is maximum for Δ− which has
maximum number of d quarks in the constituent structure.
The strange quark fraction FΔ

s is however same for all theΔ
baryons which is evident from the production of s̄ sea
quarks. The strange quark fraction is zero in the case of
NQM. Similarly, the other quantities giving the strange
quark content with respect to nonstrange quarks are ρΔs and
κΔs . These are predicted to be zero in NQM, but in χCQM
we have their values as 0.076 and 0.467, respectively.
Similar conclusions can be drawn for the case of Σ�þ, Σ�0,
Σ�−, Ξ�0, and Ξ�− baryons. However, the case ofΩ−ðsssÞ is
also interesting as it contains only the strange quarks. It is
evident from the results that FΩ−

s dominates and also ρΩ
−

s

and κΩ
−

s are very large as compared to the other baryons. In
fact, the study of u and d quarks would be interesting in this
case. Whether these predicted values are correct can be
tested from future measurements as well as by studying the
implications chiral symmetry breaking and SU(3) sym-
metry breaking. This will help us to understand the non-
perturbative features of QCD and its subtle features.

IV. FLAVOR STRUCTURE FUNCTIONS
AND THE GOTTFRIED INTEGRAL

The quark sea asymmetry of the unpolarized quarks can
be established by measuring the deviation from the
Gottfried sum rule [14] which can further be obtained
through the Gottfried integral (IG). This integral can be
obtained from the flavor structure functions F1 and F2

which can be defined as

F2ðxÞ ¼ x
X
u;d;s

e2q½qðxÞ þ q̄ðxÞ�; ð24Þ

F1ðxÞ ¼
1

2x
F2ðxÞ: ð25Þ

The x dependence cannot be incorporated in χCQM in a
straightforward manner using an ab initio approach; how-
ever, it can be done phenomenologically [7,8,55]. The
deviation from the GSR obtained from the structure func-
tions of decuplet baryons can be measured through the
Gottfried integral for the spin − 3

2
þ decuplet baryons IΔ

þþΔ−

G ,

IΔ
þΔ0

G , IΣ
�þΣ�−

G , and IΞ
�0Ξ�−

G giving the asymmetry between the
ū and d̄ sea quarks for the case of decuplet baryons.
The structure function F2 for Δþþ, Δþ, Δ0, Δ−, Σ�þ,

Σ�−, Ξ�0, and Ξ�− can be expressed using Eq. (18) and we
have

FΔþþ
2 ðxÞ ¼ 4

9
xðuΔþþðxÞ þ ūΔ

þþðxÞÞ

þ 1

9
xðdΔþþðxÞ þ d̄Δ

þþðxÞ þ sΔ
þþðxÞ þ s̄Δ

þþðxÞÞ;

FΔþ
2 ðxÞ ¼ 4

9
xðuΔþðxÞ þ ūΔ

þðxÞÞ

þ 1

9
xðdΔþðxÞ þ d̄Δ

þðxÞ þ sΔ
þðxÞ þ s̄Δ

þðxÞÞ;

FΔ0

2 ðxÞ ¼ 4

9
xðuΔ0ðxÞ þ ūΔ

0ðxÞÞ

þ 1

9
xðdΔ0ðxÞ þ d̄Δ

0ðxÞ þ sΔ
0ðxÞ þ s̄Δ

0ðxÞÞ;

FΔ−

2 ðxÞ ¼ 4

9
xðuΔ−ðxÞ þ ūΔ

−ðxÞÞ

þ 1

9
xðdΔ−ðxÞ þ d̄Δ

−ðxÞ þ sΔ
−ðxÞ þ s̄Δ

−ðxÞÞ;

FΣ�þ
2 ðxÞ ¼ 4

9
xðuΣ�þðxÞ þ ūΣ

�þðxÞÞ

þ 1

9
xðdΣ�þðxÞ þ d̄Σ

�þðxÞ þ sΣ
�þðxÞ þ s̄Σ

�þðxÞÞ;

FΣ�−
2 ðxÞ ¼ 4

9
xðuΣ�−ðxÞ þ ūΣ

�−ðxÞÞ

þ 1

9
xðdΣ�−ðxÞ þ d̄Σ

�−ðxÞ þ sΣ
�−ðxÞ þ s̄Σ

�−ðxÞÞ;

FΞ�0
2 ðxÞ ¼ 4

9
xðuΞ�0ðxÞ þ ūΞ

�0ðxÞÞ

þ 1

9
xðdΞ�0ðxÞ þ d̄Ξ

�0ðxÞ þ sΞ
�0ðxÞ þ s̄Ξ

�0ðxÞÞ;

FΞ�−
2 ðxÞ ¼ 4

9
xðuΞ�−ðxÞ þ ūΞ

�−ðxÞÞ

þ 1

9
xðdΞ�−ðxÞ þ d̄Ξ

�−ðxÞ þ sΞ
�−ðxÞ þ s̄Ξ

�−ðxÞÞ:
ð26Þ

The Gottfried integrals for ΔþþΔ−, ΔþΔ0, Σ�þΣ�−, and
Ξ�0Ξ�− can be expressed as follows:

IΔ
þþΔ−

G ≡
Z

1

0

FΔþþ
2 ðxÞ− FΔ−

2 ðxÞ
x

dx ¼ 1þ 1

3
½ūΔþþ − d̄Δ

þþ�;

IΔ
þΔ0

G ≡
Z

1

0

FΔþ
2 ðxÞ− FΔ0

2 ðxÞ
x

dx ¼ 1

3
þ 1

3
½ūΔþ − d̄Δ

þ�;

IΣ
�þΣ�−

G ≡
Z

1

0

FΣ�þ
2 ðxÞ − FΣ�−

2 ðxÞ
x

dx ¼ 2

3
þ 1

3
½ūΣ�þ − d̄Σ

�þ �;

IΞ
�0Ξ�−

G ≡
Z

1

0

FΞ�0
2 ðxÞ− FΞ�−

2 ðxÞ
x

dx ¼ 1

3
þ 1

3
½ūΞ�0 − d̄Ξ

�0 �:

ð27Þ

The normalization conditions for the valence quarks used to
derive the above equations have been taken from Table I,

QUARK SEA FLAVOR ASYMMETRIES IN THE … PHYS. REV. D 103, 014016 (2021)

014016-7



whereas the sea quark contributions corresponding to each
baryon obey the following normalization conditions:Z

1

0

d̄Δ
þþðxÞdx ¼

Z
1

0

ūΔ
−ðxÞdx;Z

1

0

ūΔ
þþðxÞdx ¼

Z
1

0

d̄Δ
−ðxÞdx;Z

1

0

d̄Δ
þðxÞdx ¼

Z
1

0

ūΔ
0ðxÞdx;Z

1

0

ūΔ
þðxÞdx ¼

Z
1

0

d̄Δ
0ðxÞdx;Z

1

0

d̄Σ
�þðxÞdx ¼

Z
1

0

ūΣ
�−ðxÞdx;Z

1

0

ūΣ
�þðxÞdx ¼

Z
1

0

d̄Σ
�−ðxÞdx;Z

1

0

d̄Ξ
�0ðxÞdx ¼

Z
1

0

ūΞ
�−ðxÞdx;Z

1

0

ūΞ
�0ðxÞdx ¼

Z
1

0

d̄Ξ
�−ðxÞdx: ð28Þ

The numerical values by taking into account the
d̄ðxÞ − ūðxÞ asymmetry are given as follows:

IΔ
þþΔ−

G ¼ 0.96;

IΔ
þΔ0

G ¼ 0.32;

IΣ
�þΣ�−

G ¼ 0.64;

IΞ
�0Ξ�−

G ¼ 0.32: ð29Þ

The quark sea asymmetry
R
1
0 ðd̄ðxÞ − ūðxÞÞdx has been

measured for the case of nucleon in the NMC and E866
experiments [13,15], and the results of χCQM are in very
good agreement with the experiments [52]. The measure-
ment for quark sea asymmetry and the violation of
Gottfried sum rule in future experiments for the case of
Δ, Σ, and Ξ baryons are needed for profound understanding
of not only the nonperturbative properties of QCD but also
to understand the important role of the sea quarks at low
value of x.

V. SUMMARY AND CONCLUSIONS

To summarize, in an attempt to understand the dynamics
and the constituents of the baryon from the DIS results, the
quark flavor distribution functions of the spin − 3

2
þ Δ

baryons [ΔþþðuuuÞ, ΔþðuudÞ, Δ0ðuddÞ, Δ−ðdddÞ,
Σ�þðuusÞ, Σ�0ðudsÞ, Σ�−ðddsÞ, Ξ�0ðussÞ, Ξ�−ðdssÞ, and
Ω−ðsssÞ] have been phenomenologically estimated in

the chiral χCQM. The internal structure of the baryons
constitutes a major challenge for any model trying to
explain the nonperturbative regime of QCD, and χCQM
is one of the most successful phenomenological models
which allows a simple and intuitive method to investigate
these quantities. The quark sea generation through the
chiral fluctuations has important implications for the sea
quark contributions, chiral symmetry breaking, as well as
SU(3) symmetry breaking. The explicit contributions of the
constituent and sea quark flavor distribution functions have
been computed for each spin − 3

2
þ decuplet baryon to test

the mechanism for the quark sea generation and to
quantitatively understand the role of sea quarks in a baryon.
The implications of this model have been studied for the
quark sea asymmetries d̄ − ū and quark sea ratios d̄=ū. The
quark sea asymmetry is clearly evident from the results
which is because of the favored production of πþ over π−.
For the case of fraction of a particular quark present in

the baryon FB�
q ¼ qB

�þq̄B
�P

q
ðqB�þq̄B

� Þ, we find that the fraction is

directly dependent on the constituent quark structure. The
strange quark fraction FB�

s is however same for each set of
the decuplet baryon (Δ, Σ, Ξ and Ω) which is evident from
the production of s̄ sea quarks. Further, the calculations
have been extended to predict the suppression factors
corresponding to the strange quark content with respect
to the nonstrange quarks ρB

�
s and κB

�
s . These are predicted to

be zero in NQM for the case of Δ baryons, but in χCQM
they have significant contributions. On the other hand,
these quantities are very large for the case of Ω baryons as
there are only s quarks in the constituent structure. These
quantities are important as they explicitly describe the role
of nonconstituent degrees of freedom and also provide
important constraints on the future experiments to measure
the structure of decuplet baryons. Future experiments
to measure the quark content of the spin − 3

2
þ decuplet

baryons would not only justify the quark sea asymmetry
present but also strengthen the qualitative and quantitative
roles of the sea quarks in understanding the dynamics of the
constituents of the baryons and the subtle features of
χCQM which include chiral symmetry breaking and the
weakly interacting Goldstone bosons as the appropriate
degrees of freedom. This will help us to understand the
nonperturbative features of QCD and its subtle features.
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