Levy a-stable generalization of the ReBB model

of elastic pp and pp scattering
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Introduction and preliminaries

Bialas-Bzdak (BB) models The p =(q,d) Real extended Bialas-Bzdak (ReBB) model ReBB model versus data
A. Bialas and A. Bzdak, in 2007, published models for In 2015, the BB model was extended: a real part of the scattering amplitude was added in a It was found in studies published in 2021 and
elastic proton-proton (pp) scattering [1, 2], the BB unitary manner [3] leading to the Real extended Bialas-Bzdak model, the ReBB model for 2022 [3, 4] that the ReBB model describes all
models for short. In these models the proton is short. It was also found that the p=(q,d) version of the BB model is consistent with the the available data not only on elastic pp
described as a bound state of constituent quarks, experimentally observed features of elastic pp scattering. The p = (q,d) version of the model scattering but also on elastic proton-
and the probability of inelastic pp scattering is describes the proton as a bound state of a constituent quark and a constituent diquark in a antiproton (pp) scattering in a statistically
constructed based on R. J. Glauber’s diffractive way that the diquarkis treated as a single entity not as a bound state of two quarks. Two acceptable manner i.e. with a confidence
multiple scattering theory: all possible single and basic ingredients of the BB model are the inelastic scattering probabilities of two level (CL) = 0.1% in the kinematic range:
multiple binary inelastic collisions of the constituents constituents as a function of their relative transverse position 0.38GeV?2 < [t] <1.2GeV?,
iIs considered in a way that constituent back and the quark-diquark distribution inside the proton. The 546 GeV < /s <8TeV,
scattering is prohibited; as a result, the collision of constituent-constituent inelastic scattering probabilities have where t Is the squared four-momentum
two protons is inelastic if at least one constituent- Gaussian shapes that follow from the Gaussian-shaped parton transfer and s is the squared center of mass
constituent collision is inelastic. The elastic distributions of the constituents characterized by the scale energy. Based on the ReBB model analysis of
scattering amplitude is then calculated based on the parameters R, and Ry. The quark-diquark distribution inside elastic pp and pp scattering, statistically
unitarity relation neglecting the sub-dominant real the proton has also a Gaussian shape with scale parameter R4 significant signals of the t-channel odderon
part of the scattering amplitude. that characterizes the separation between the quark and the exchange were observed [4, 5].

diquark constituents inside the proton.
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The probability of inelastic scattering of protons at a fixed b is given by averaging over the constituent
positions inside the protons:
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Summary

The Lévy a-stable generalization of the Bialas-Bzdak model is done by generalizing from Gaussian shapes to Léevy
a-stable shapes both (i) the inelastic scattering probabilities of two constituents and (ii) the quark-diquark
distribution inside the proton. The LBB model is expected to describe simultaneously the low-|t| and high-|t]

The elastic scattering amplitude T,;(s, b) is given via 6;,(s, b) through the opacity function Q(s, b):
ReQ2(s,b) = —1/2In[1 — 6;,(s,b)], ImQ(s,b) = —agbin(s,b), To(s,b) =i[l — e 2ED],

where b = |E| and the dependence on s follows from the s-dependence of the free parameters. domains of elastic pp and pp do/dt with a Lévy index of stability a; < 2. Thus the next step is to apply the full LBB
. . _ S i - model to describe the data. Given that the LBB model describes the data in a statistically satisfying manner 1i.e.
The T, (s, t) is obtained from Tg (s, b): Tei(s,t) = [ d?be®” Ty (s, b), 1q1° = —t. with CL = 0.1%, it can be used to study, e.g, (i) the discrepancy between ATLAS and TOTEM cross section

measurements, and (ii) after considering the effects of the Coulomb-nuclear interference, the odderon

The new free parameter of the Levy a-stable generalized model is a;, the Léevy index of stability; if contribution to parameter py = ReT,(s, t)/ImT.,(s, t)|,0 at V5 = 13 TeV.

a; = 2,the ReBB model with Gaussian distributions is recovered.
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