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Objective

Methodology
The light sea quark distribution functions have been

calculated explicitly for protons using the chiral

constituent quark model, which has the connotation of

chiral symmetry breaking and SU(3) symmetry

breaking. Given the latest SeaQuest data, the results

have been discussed thoroughly for the light antiquark

asymmetries, and the Gottfried Integral has been

calculated.

Sea Quarks: If 𝑢𝑢𝑑 were only

constituents then each quark

should have carried 1/3 of

proton’s total momentum.

Found to be less than 1/3.

Rest of the momentum is

carried by sea quarks.

SLAC results: IG = 0.200±0.040 ⇒ excess of ҧ𝑑.

Feynman: 𝑞 ത𝑞 pairs are produced via gluon splitting.

Production of 𝑢 ത𝑢 quarks is suppressed compared to

𝑑 ҧ𝑑 due to Pauli Blocking.

Problem: Contribution of Pauli Blocking is not large

enough to explain the observed asymmetry.

Drell-Yan

By fitting the parameters of Chiral Constituent Quark

Model to the SeaQuest and NuSea experimental data

we extract ത𝑢 𝑥 and ҧ𝑑 𝑥 distribution functions. Take

the difference ҧ𝑑 𝑥 − ത𝑢 𝑥 and compare the results with

experiments measuring ҧ𝑑 − ത𝑢. With the help of these

distribution functions calculate the Gottfried Integral. No

evolution effects have been included in the analysis.

Experiment Gottfried Integral (IG)

EMC 0.235±0.099

NMC 0.235±0.026

HERMES 0.226±0.020

NuSea 0.254±0.005

Present work IG(0,1)=0.219  IG(𝑥𝑚𝑖𝑛, 𝑥𝑚𝑎𝑥)=0.263

How to explain excess of down antiquarks in proton?
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𝜓 → 𝛾5𝜓 High energy: ℒ𝑄𝐶𝐷has SU(3)L×SU(3)R chiral symmetry.

Low energy: Chiral symmetry spontaneously broken.

DIS
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Non-perturbative QCD models required. In χQM , valence

quark transitions create Goldstone Bosons. ℙ transition ∝
Τ1 𝑀𝐺𝐵 . Asymmetry is measured using probability

parameters.

Has features of :
i Confinement
ii Chiral Symmetry Breaking
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𝑢 𝑑 → 𝜋+(−) + 𝑑 𝑢 ℙ = 𝜀

𝑢 𝑑 → 𝐾+(0) + 𝑠 ℙ = 𝜀𝜆2

𝑢 𝑑, 𝑠 → 𝜂 + 𝑢 𝑑, 𝑠 ℙ = 𝜀κ2

𝑢 𝑑, 𝑠 → 𝜂′ + 𝑢 𝑑, 𝑠 ℙ = 𝜀𝜉2

𝜀 = 0.114, 𝜅 = 0.45, 𝜉 = −0.75
ത𝑢 − ҧ𝑑 = −0.118
ത𝑢/ ҧ𝑑 = 0.652

ҧ𝑑 𝑥 > ത𝑢 𝑥

ത𝑞 𝑥 = 𝑁𝑥 𝐴 1 − 𝑥 𝐵 1 + 𝐶𝑥
χQM 𝑁 𝐴 𝐵 𝐶

ҧ𝑑 𝑥 0.3391 1.5 -1.00 9.0 8.000

ത𝑢 𝑥 0.2211 1.0 -0.99 7.5 1.0875

ഥ𝒅/ഥ𝒖 Experiment χ2/ NPts

SeaQuest 1.70

NuSea 2.63

ҧ𝑑 𝑥 /ത𝑢 𝑥 curve shows that

ratio lies between 1 and

1.57 in range 0 < 𝑥 < 0.57
with peak at 𝑥 = 0.23.

ҧ𝑑 𝑥 − ത𝑢 𝑥 approaches

zero with increasing 𝑥 . It

does not become negative

within experimental range.
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(Chiral transformation)

100-300𝑀𝑒𝑉 1 G𝑒𝑉

𝛬𝑄𝐶𝐷 𝛬𝜒𝑆𝐵

𝑢 𝑑

𝑢ҧ𝑑

𝜋+

2.18 on 
removing 
𝑥 = 0.315

SeaQuest: Q2=22-40 (GeV/c)2

NuSea: Q2=54 (GeV/c)2
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