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Abstract:

Purpose: The main objective of this research is to investigate the nonlinear effects arising from
gluon recombination and to analyze the evolution of nuclear structure functions. To achieve this
goal, various evolution equations, including the GLR-MQ and GLR-MQ-ZRS frameworks, are
employed to compare the behavior of gluon distributions across different density regimes.

Methodology: The evolution of parton distribution functions within hadrons as a function of the
energy scale is described by the DGLAP evolution equation. To account for the effects of gluon
recombination in the small-x region, nonlinear correction terms were added to this equation.
Initially, the GLR-MQ equation, incorporating the gluon recombination term, was employed to
provide a more accurate description of the small-x behavior. Subsequently, the more
comprehensive GLR-MQ-ZRS equation, which simultaneously includes both shadowing and
antishadowing effects, was examined. These equations were numerically solved over a range of x
and Q2values for different nuclei. In the phenomenological part of the study, the (DAS) approach

was utilized to analyze the heavy-quark structure functions £ and F**, as well as the reduced
cross section for heavy-quark pair production in the next-to-leading order (NLO) approximation.

Findings: The results indicate that nonlinear effects play a significant role in suppressing gluon
density growth in the small-x region, particularly for heavy nuclei and small correlation radii R.
As x decreases and the atomic number A increases, gluon recombination leads to further
suppression of the gluon distribution. Numerical predictions for heavy-quark pair production at
center-of-mass energies show good agreement with experimental data and theoretical models.

Conclusion: Overall, this study demonstrates that in the small-x regime, the inclusion of nonlinear
evolution equations is essential for an accurate description of nuclear structure function evolution.
These findings, supported by experimental data, underscore the fundamental role of nonlinear
effects in stabilizing gluon densities and accurately describing high-energy nuclear phenomena.

Keywords: Deep inelastic scattering, DGLAP evolution equations, GLR-MQ and GLR-MQ-ZRS
evolution equations, nonlinear effects, structure functions




