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This report is devoted to the study of the processes e+ e− → J/Ψηc , J/Ψηc0 , ψ 0 ηc , ψ 0 ηc0 within
light cone formalism. It is shown that the results of the calculation of the cross sections of these
processes are in agreement with Belle and BaBar experiments. It is also shown that relativistic and
radiative corrections to the cross sections play crucial role in the achievement of the agreement
between the theory and experiments.
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Double charmonium production at B-factories has been one of the most challenging problem
in quarkonium physics for many years. This problem appeared after the measurements of the
cross sections of the processes e+ e− → J/Ψηc , J/Ψηc0 , ψ 0 ηc , ψ 0 ηc0 , J/Ψχc0 , ψ 0 χc0 at Belle [1, 2]
and BaBar [3] collaborations, which were approximately by an order of magnitude larger than the
leading order nonrelativistic QCD (NRQCD) predictions [4, 5, 6]. There were many attempts to
resolve this discrepancy. Lately, it was shown that the agreement between theory and experiment
can be achieved within NRQCD if one takes into account radiative and relativistic corrections to
the cross sections [7, 8].

In this report the results of the calculation of the processes e + e− → J/Ψηc , J/Ψηc0 , ψ 0 ηc , ψ 0 ηc0
within LC will be briefly described. The details of this calculation can be found in paper [14]. It
will be shown that with the models of DAs proposed in papers [11, 12, 13] LC predictions are in
agreement with the results obtained at Belle and BaBar experiments.
Now let us consider the amplitude of the process e + e− → V P, where V = J/Ψ, ψ 0 and P =
ηc , ηc0 . Two diagrams that give contribution to the amplitude of this process are shown in Fig. 1.
The other two can be obtained from the depicted ones by the charge conjugation. The amplitude of
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Figure 1: The diagrams that contribute to the process e+ e− → V (p1 , λ )P(p2 ) at the leading order approximation in the strong coupling constant.
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Another systematic approach to the study of hard exclusive processes is light cone formalism
(LC) [9, 10]. Within this approach the amplitude of hard exclusive process can be separated into
two parts. The first part is partons production at very small distances, which can be treated within
perturbative QCD. The second part is the hadronization of the partons at larger distances. This part
contains information about nonperturbative dynamic of the strong interactions. For hard exclusive
processes it can be parameterized by process independent distribution amplitudes (DA), which can
be considered as hadrons’ wave functions at light like separation between the partons in the hadron.
It should be noted that within LC one does not assume that the mesons are nonrelativistic. This
approach can equally well be applied to the production of light and heavy mesons, if the DAs of
the produced meson are known. For this reason, one can hope that within this approach one can
study the production of excited charmonia states.
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σExp × BrH2 →charged>2 (fb)
Belle[2]
BaBar[3]
+1.5
25.6 ± 2.8 ± 3.4 17.6 ± 2.8−2.1
16.3 ± 4.6 ± 3.9
−
+2.4
16.5 ± 3.0 ± 2.4 16.4 ± 3.7−3.0
16.0 ± 5.1 ± 3.8
−

σLO NRQCD (fb) σNRQCD (fb)
[4]
[5] [7]
[8]
3.78 ± 1.26 5.5 20.4 17.6+10.7
−8.3
1.57 ± 0.52 3.7 −
−
1.57 ± 0.52 3.7 −
−
0.65 ± 0.22 2.5 −
−

σLC (fb)
14.4+11.2
−9.8
+9.2
10.4 −7.8
13.0+12.2
−11.0
+9.7
9.0 −8.5

the process involved can be written in the following form:
M = −4πα

ū(k1 )γµ u(k2 )
hV (p1 , λ )P(p2 )|Jµem |0i,
s

(1)

where α is the electromagnetic coupling constant, ū(k1 ), u(k2 ) are the electron and positron bispinors,
√
s is the invariant mass of e+ e− system, Jµem is the electromagnetic current. The matrix element
hV (p1 , λ )P(p2 )|Jµem |0i can be parameterized by the only formfactor F(s):
ρ

hV (p1 , λ )P(p2 )|Jµem |0i = iqc F(s) eµνρσ ελν p1 pσ2 ,

(2)

where qc is the charge of c quark, ελν is the polarization vector of the meson V (p 1 , λ ). The cross
section of the process under consideration can be written as follows


πα 2 q2c 2|p| 3
√
σ (e e → V P) =
|F(s)|2 .
6
s
+ −

(3)

In the last formula p is the momentum of the meson V in the center mass frame of the final mesons.
The analytical expression for the formafactor F(s) obtained within LC and the detail of the
calculation of the cross sections of the processes under study can be found in paper [14]. In this
report only the results of this calculation are given. These results are presented in Table I. The
second and third columns contain experimental results measured at Belle and Babar experiments.
In the fourth and fifth columns the results of the leading order of NRQCD approach obtained in
papers [5, 4] are shown. The NRQCD results obtained with inclusion of radiative and relativistic
corrections [7, 8] are shown in columns six and seven. Last column contains the values of the cross
sections obtained in this paper.
In addition to the calculation of the cross sections of the processes under study it is interesting
to answer the question: why LC predictions are much greater than the leading order NRQCD
predictions. Numerical results of the calculation shows that large disagreement between LC and the
leading order NRQCD predictions can be attributed to large contribution of relativistic and radiative
corrections. From this results one can draw a conclusion that in hard exclusive processes relativistic
3
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Table 1: The second and third columns contain experimental results measured at Belle and Babar experiments. The BrH2 →charged>2 means the branching ratio of the decay of the hadron H2 into two charged
particles. In the fourth and fifth columns the results of the leading order NRQCD obtained in papers [5, 4]
are shown. The NRQCD results obtained with inclusion of radiative and relativistic corrections [7, 8] are
shown in columns six and seven. Last column contains the values of the cross sections obtained in this paper.
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and radiative corrections play very important role and the consideration of such processes at the
leading NRQCD approximation is unreliable. The results of this paper are in agreement with recent
NRQCD study of the process e+ e− → J/Ψηc [7, 8] where the authors took into account relativistic
and one loop radiative corrections.
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