Pis’ma v ZhETF, vol. 117, iss. 4, pp. 253 – 253 © 2023 February 25

One-to-One correspondence of soft and hard Pomeron with the CDP of the gluon density at low x

G. R. Boroun^{1)}

Department of Physics, Razi University, 67149 Kermanshah, Iran

Submitted 1 December 2022 Resubmitted 21 December 2022 Accepted 3 January 2023

DOI: 10.31857/S1234567823040018, EDN: phaipi

In Figure 1 we compared the behavior of the gluon distribution with respect to the color dipole picture (CDP) asymptotic limit and the parametrization of the proton structure function for 1 GeV^2 ≤ Q^2 ≤ 100 GeV^2

Fig. 1. (Color online) αs(Q^2)xg(x, Q^2) as a function of W^2 for various values of Q^2 in the CDP asymptotic limit (solid curve), PM (dashed curve) and soft-hard Pomeron model (SP + HP) (dased-dot-dot curve)

in a wide range of W^2. In this figure we compared the results the Regge behavior with the parametrization model and the CDP predictions. The parametrization model is comparable with the Regge behavior at low and large Q^2 values and it is comparable with CDP at moderate and high Q^2 values. In this figure, the Regge behavior is defined into the soft and hard Pomeron behaviors. The behavior of the two-Pomeron approach converge towards the CDP and parametrization models at Q^2 ≳ 10 GeV^2. Consistency between results for moderate and large Q^2 values shows that two-Pomeron approach leads to the CDP asymptotic limit where it is free of Q^2 parameters. This indicates that the Regge model must have at least two parameters or more to match the models. In [1] two-Pomeron-plus-Reggeon approach fitted to the experimental data

1)e-mail: boroun@razi.ac.ir

on the deep-inelastic lepton-nucleon scattering at low values of x and consistency with the CDP is introduced in [2–4]. In fact, we have shown that in order to converge the CDP results with the Regge theory, it is necessary to introduce the Regge theory with two- Pomeron approach. In conclusion, we have studied the effects of soft and hard Pomeron (SP, HP) in relation to the CDP and parametrization models (PM). We determined the gluon distribution function (multiplied by α_s(Q^2)) from our representation of the photoabsorption cross section in the CDP and compared with the results of the parametrization of the proton structure function and the soft and hard Pomeron in the structure function of the proton. It turned out that the gluon function at order α_s(Q^2) is proportional to the proton structure function at a shifted scale x → ξ_Lx. The parametrization and CDP results have similar behavior at 10 GeV^2 ≤ Q^2 ≤ 100 GeV^2. We have found that the Regge like behavior of the proton structure function with a SP and HP and also tensor-Pomeron (TP) approach improve the description of the gluon behavior at 10 GeV^2 ≤ Q^2 ≤ 100 GeV^2. The SP and HP results confirm the predictions of the CDP and this is requiring consistency of the CDP and perturbative Quantum Chromodynamics (pQCD) for Q^2 ≳ 10 GeV^2.

This is an excerpt of the article “One-to-One correspondence of soft and hard Pomeron with the CDP of the gluon density at low x”. Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364023600015

1. R. G. Roberts, The structure of the proton: Deep inelastic scattering, Cambridge University Press, N.Y. (1990).

2. A. D. Martin, R. G. Roberts, and W. J. Stirling, Phys.

Rev. D 37, 1161 (1988).

3. A. M. Cooper-Sarkar, G. Ingelman, K. R. Long, R. G. Roberts, and D. H. Saxon, Z. Phys. C 39, 281 (1988).

4. A. M. Cooper-Sarkar and R. C. E. Devenish, Acta Phys.

Pol. B 34, 2911 (2003).

Письма в ЖЭТФ том 117 вып. 3 – 4 2023 253