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Abstract

Relativistic corrections to the pair Bc-meson production in e+e−-annihilation are calculated. We in-
vestigate a production of pair pseudoscalar, vector and pseudoscalar+vector Bc-mesons in the leading 
order perturbative quantum chromodynamics and relativistic quark model. Relativistic expressions of the 
pair production cross sections are obtained. Their numerical evaluation shows that relativistic effects in 
the production amplitudes and bound state wave functions three times reduce nonrelativistic results at the 
center-of-mass energy s = 22 GeV.
© 2016 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

In recent years, one of the important centers of research in the quark physics was the study 
of the mechanisms of heavy quarkonium production in electron–positron annihilation, and at the 
Large Hadron Collider. Such studies allow us to test the Standard Model, to clarify the values of 
fundamental parameters of the theory, to test theoretical models used for a description of heavy 
quark bound states in quantum chromodynamics. One of the important reactions that occur in the 
electron–positron annihilation is the pair production of heavy quarkoniums and diquarks [1,2]. 
In the study of such reactions it has been found what significantly increases the role of the theory 
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of the formation of bound quark states, namely, how originally appeared two quarks and two 
anti-quarks at small distances then combine into mesons. It has been shown that it is impossible 
to achieve a good description of experimental data without accounting effects of relative quark 
motion [3–12]. A system (b̄c) with open beauty and charm has a special place among the heavy 
quarkoniums since its decay mechanism differs significantly from the decay mechanism of char-
monium or bottomonium. At that time, as the pair charmonium and bottomium production in 
electron–positron annihilation already studied both theoretically and experimentally [2,13,14], 
the production of a pair of Bc mesons is studied much less. It has its own specific features. The 
research of Bc meson production will extend quantitative understanding of quantum chromody-
namics, the check of the bound state theory of quarks with different flavors.

This work continues the series of our works on exclusive double charmonium production in 
e+e− annihilation to the case of Bc-meson production. The mechanism of pair Bc meson pro-
duction in electron–positron annihilation is more simple in comparison with other reactions of 
proton–proton interaction. Our approach to the calculation of the observed cross sections for pair 
production of mesons is based on methods of relativistic quark model (RQM) and perturbative 
quantum chromodynamics [8,15–21]. This approach allows a systematic account of relativistic 
effects as in the construction of relativistic amplitudes of pair production of mesons, relativistic 
production cross sections, and in the description of bound states of quarks themselves through the 
use of the corresponding quark interaction potential. In general, this approach creates a micro-
scopic picture of the interaction of quarks at different stages of meson production. It also allows 
you to perform a self-consistent calculation of numerous parameters that define the cross section 
for meson production, from relativistic parameters determining the movement of heavy quarks, 
to the masses themselves of quark bound states. We can say that one of the main problems of 
the theory of strong interactions – a significant increase in the phenomenological parameters of 
various types, is solved in this case within the model. The aim of our work is to extend previ-
ously used methods for pair charmonium production to the case of quarks of different flavors. 
The question naturally arises of whether there can be the pair Bc meson production processes in 
electron–positron annihilation quite probable that they can be observed in the experiment. In our 
work we try to show that the process of pair production of Bc mesons has a clear experimental 
prospect.

2. General formalism

Two production amplitudes of the Bc meson pair in leading order of the QCD coupling 
constant αs are presented in Fig. 1. Two other amplitudes can be obtained by corresponding 
permutations. There are two stages of Bc meson production process [22,23]. At the first process 
step, which is described by perturbative QCD, the virtual photon γ ∗ and then virtual gluon g∗
produce two heavy quarks (bc) and two heavy antiquarks (b̄c̄) with the following four-momenta:

p1 = η1P + p, p2 = η2P − p, (p · P) = 0, ηi =
M2
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q1 = ρ1Q + q, q2 = ρ2Q − q, (q · Q) = 0, ρi = M2
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where MBb̄c
is the mass of pseudoscalar B+

c or vector B∗+
c meson consisting of b̄-antiquark and 

c-quark. P(Q) are the total four-momenta of mesons B+
c and B∗−

c , relative quark four-momenta 
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