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We argue that the inclusive J/ψ production in proton-proton collisions might get significant con-
tribution from fusion of three gluons. We analyze numerically the subprocesses with direct forma-
tion of J/ψ from three gluons, and with formation of J/ψ +g states. We found that numerically
the three-gluon fusion gives a substantial contribution to the J/ψ production, and is able to de-
scribe the experimentally observed shapes of the rapidity, momenta and multiplicity distributions.
We also demonstrate that description of rapid multiplicity growth seen in experiment presents a
challenge in approaches based on gluon-gluon fusion. For this reason we believe that the avail-
able multiplicity dependence data provide a strong evidence in favor of the 3-gluon mechanism
of J/ψ production.
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1. Introduction

According to modern picture [1], the inclusive charmonia production in hadronic collisions
proceeds via a gluon-gluon fusion. The heavy quark-antiquark pair (Q̄Q) produced in the sub-
process can form charmonium with probability controlled by the corresponding Long Distance
Matrix Elements (LDMEs). The NRQCD constructs a systematic expansion over the LDMEs of
different color and spin states of the Q̄Q pair, which are found from global fits of experimental
data. However, at present the extracted LDMEs depend significantly on the technical details of the
fit [2], which might be due to the large uncertainty of the unintegrated parton distribution function
(uPDF) in the large-pT kinematics [3]. However, the lack of universality of the extracted LDMEs
potentially could also indicate presence of other mechanisms, beyond the gluon-gluon fusion.

A recent observation of rapidly growing multiplicity dependence [4, 5, 6, 7] in J/ψ produc-
tion might present a serious challenge for descriptions based on gluon-gluon fusion, and as we will
illustrate, might indicate pronounced contribution of multigluon mechanisms. While formally sup-
pressed, in the small Bjorken-xB limit such contributions might be important due to rapid growth of
the gluon densities. In this paper we will focus on the first correction, which corresponds to fusion
of three gluons (pomerons). This contribution is not suppressed neither in the heavy quark mass nor
in small αs limits, as could be seen from comparison of the diagrams 1 and 2 in the Figure 1. The
analyses [8, 9] concluded that this mechanism might give a sizeable contribution to J/ψ produc-
tion, though were inconclusive due to inherent model uncertainties. In this proceeding we revisit
this mechanism and demonstrate that it can describe all the available experimental data, as well
as recent experimental data on multiplicity dependence. We consider the latter fact as a decisive
evidence in favor of multipomeron contributions. We also consider the higher order contribution
mechanism shown in the diagram 3 of the Figure 1. While formally it is O(αs) correction, since
the emitted gluon is soft, potentially it could give a numerically sizeable contribution.
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Figure 1: Mechanism (1): A conventional gluon-gluon fusion mechanism of J/ψ production. The addi-
tional feed-down contributions (from χc and ψ(2S) decays) and color octet contributions have similar topol-
ogy (in case of χc production and Color Octet contributions the corresponding subprocess is g∗g∗→ χc, c̄c8,
without additional gluon emission, see [3] for details).Mechanism (2): J/ψ production via 3-pomeron fu-
sion [9]. Mechanism (3): 3-pomero fusion with the same final state as CSM process. In mechanisms (2) and
(3) the two-pomeron contribution may stem from either hadron. In all three diagrams summation over all
permutations of gluons in heavy quark loop is implied.

The paper is structured as follows. In Section 2 we briefly discuss the framework used for
evaluations. In Section 3 we present our numerical results and draw conclusions. Due to space
limitations, in this proceeding we omitted some technical details which might be found in [10, 11].
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2. Cross-section of the three-pomeron mechanism

At high energies the evaluation of the mechanisms (2) and (3) in the Figure 1 might be sim-
plified due to suppresison of many contributions. For example, the interference of the diagram (3)
in the Figure 1 with the CSM mechanism (diagram 1) ends up with odd number of gluons attached
to the same hadron. Similarly, the diagram (2) includes interferences of contributions with two
gluons connected to different hadrons in amplitude and its conjugate. As was discussed in detail
in [12, 13], such interference terms contribute to transverse asymmetries, yet cancel for unpolarized
hadrons. In the BFKL picture, such contributions are negligible due to smaller intercept of 3-gluon
configuration. Due to space limitations, here we will focus on evaluation of the mechanism (2).
The cross-section of this mechanism in the color dipole approach is given by

dσ
(
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)
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= K xgG
(
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)∫ 1

0
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0
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where y is the rapidity of produced quarkonia, z and z′ are the light-cone momentum fraction
carried by c-quark in the amplitude and in its conjugate, r and r′ and the transverse sizes of the
dipole, ΨJ/ψ is the light-cone wave function of the quarkonium and Ψg is the wave function of the
gluon fluctuating into the heavy quark-antiquark pair, N (y; ri) are the dipole scattering amplitudes
related to the solutions of the BK equation as N (y; ri) =

∫
d2b′N (y; ri, b′), and the variable b is

a difference of the impact parameters of the dipole in the amplitude and its conjugate. The gluon
density xG is taken at the scale of charmonium mass. The numerical coefficient K in the first line
of (2.1) is an artefact of modelling the multipomeron (multigluon) distribution. In what follows
we fix K from diffractive charmonia photoproduction data [14, 15].This is possible due to similar
structure of the dipole amplitudes, coincidence of the Q̄Q-wave functions of the photon and gluon
in the leading order over O(αs) [11] and expected energy independence of the parameter K.

3. Results and discussion

For numerical estimates we used the phenomenological CGC model with built-in satura-
tion [17]. As we discussed in the previous Section 2, the unknown coefficient K was fixed from
HERA data. From the Table 1, we can see that the suggested mechanism gives a significant con-
tribution to the observed J/ψ yields. In what follows in order to avoid ambiguity related to the
constant prefactor K, we will work with the cross-sections normalized to the total cross-section,
which reflect the shapes of distributions.

As we can see from the Fig. (2), the mechanism provides reasonable description of the shapes
of the qT - and rapidity dependencies, in agreement with experimental data from [20, 21]. As we
demonstrated in [11], the asymptotic large-qT behaviour of the cross-section is ∼ 1/q4+4γ

T , for this
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Theoretical estimates Experiment√
s≈ 1.96 TeV 2.1-2.6 µb 2.38 µb [18]√

s≈ 7 TeV 3.8-5.6 µb 5.8 µb [19]

Table 1: Comparison of the theoretical estimates with experimental data for the cross-section dσ/dy at
central rapidities. Theoretical estimates correspond to values of parameter λ ∈ (0.2, 0.3) (lower and upper
values respectively). In the last column we’ve quoted the data on prompt J/ψ production. The cross-section
dσ/dy at Tevatron was extracted dividing the total cross-section σtot(|y|< 0.6) by the width of the bin.

reason for the sake of reference we added two brown curves, ∼ 1/
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Figure 2: (color online) Left: Comparison of the shapes of the transverse momentum dependence (solid
green curve) with experimental data. Right: Rapidity distribution of produced J/ψ . The dashed curve cor-
responds to evaluation with BFKL-style energy (rapidity) dependence of the dipole amplitude, the solid line
takes into account ∼ (1− x)5-endpoint factor per each pomeron in order to have correct endpoint behaviour
of the gluon densities in the x→ 1 limit [22]. The data are taken from [20, 21].

The mechanism (3) provides similar shapes for the rapidity and qT distributions. Numeri-
cally its contribution to J/ψ yields is approximately three times smaller than the contribution of
mechanism (2) due to additional suppression by O(αs) [10].

Finally, we would like to discuss multiplicity distributions of processes shown in diagrams (1-
3). As was shown in [23], the number of particles per unit of rapidity is given by 〈dNch/dη〉 ≈ 6.5,
and the typical width of the interval of rapidity used for study of multiplicity is ∆y ≈ ±1. For
this reason we may neglect the fragmentation of soft gluon in the process (3) and assume that
both mechanisms (2) and (3) have the same multiplicity distributions. In the events with elevated
multiplicity n = (dNch/dη)/〈dNch/dη〉 & 1 we assume that saturation scale and gluon densities
increase as [16]

Q2
s (y, n) = Q2 (y, n = 1) n, xG(xg, n) = xG(xg)nγ̄ (3.1)

which affects the dipole amplitude in (2.1). This elevated saturation scale should be taken into
account only for pomerons which contribute to the observed elevated multiplicity. In the Figure 3
we plot the self-normalized multiplicity distribution evaluated with (2.1) and saturation scale ad-
justed according to (3.1). We can see that agreement with experimental data from ALICE [4] is
reasonable. In the same plot we also have shown for reference the estimates obtained in the limit
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of small saturation effects, with the dipole amplitude approximated as N ∼
(
Q2

s r2
)γ̄ , both for the

two-gluon and three-gluon fusion mechanisms. As was demonstrated in [11], in this limit we may
obtain for the n-dependence of the two-gluon mechanism we would get a mild dependence ∼ nγ̄ ,
whereas for the three-gluon mechanism we get

dσJ/Ψ

dy

∣∣∣
fixedn

〈dσJ/Ψ

dy 〉
∣∣∣
averageovern

=
1

1+κ

(
κnγ̄ + n2 γ̄

)
(3.2)

where the coefficient κ =
(
Q2

s (−y)/Q2
s (y)

)γ̄ ≈ 1 at central rapidities and the parameter γ̄ ∈
(0.67, 0.76). We can clearly see that the two-gluon fusion mechanism significantly underestimates
the multiplicity dependence, whereas the three-gluon fusion mechanisms qualitatively agrees with
experimental data.
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Figure 3: Left: Comparison of the multiplicity distribution with the experiment [4]. Solid line with label
“CGC”: multiplicity dependence of (2.1) as explained in the text. The bands marked “2 pomerons” and “3
pomerons” stands for the 2- and 3-pomeron contributions evaluated with approximate dipole amplitude (3.2)
and values of γ̄ varied in the range γ̄ ∈ (0.67, 0.76), as implemented in phenomenological parameterizations..
Right: large-multiplicity behaviour of the 3-pomeron contirbution (solid curve from the left plot).

To summarize, in this paper we evaluated the cross-section of the three-pomeron fusion mech-
anism of J/ψ hadroproduction. We demonstrated that this mechanism gives a large contribution to
the total cross section of J/ψ production, however, inherent uncertainties related to the model of
multiparton distributions preclude more precise estimates of its fraction. The suggested mechanism
describes correctly the shapes of the transverse momenta, rapidity and multiplicity distributions.
The experimental data [4] on multiplicity distributions of co-produced charged particles clearly
favor this mechanism over conventional gluon-gluon fusion. We predict that the rapid growth seen
in experimental data should saturate an even start decreasing at n = (dNch/dη)/〈dNch/dη〉& 20,
which could be a decisive evidence in favor of this mechanism.
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