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The quarkonia production mechanism in
p − p collisions is qualitatively understood by
the models based on the Quantum Chromo-
dynamics(QCD), in particular, in the non-
relativistic QCD (NRQCD) [1]. The quarko-
nia production in NRQCD is a two step pro-
cess: First, the creation of the QQ̄ pair in a
hard scattering at short distances which are
process-dependent, is to be calculated pertur-
batively as an expansions in the strong cou-
pling constant αs. Note that QQ̄ states can
be in the color-singlet(CS) [2] as well as in a
color-octet(CO) [3] states. Second, the QQ̄
pair evolves into the quarkonium state with
the probabilities that are given by the suppos-
edly universal nonperturbative long-distance
matrix elements (LDMEs) which have to be
extracted from experiments. For CO states,
this evolution process also involves the non-
perturbative emission of soft gluons to form
a CS states. The crucial feature of this for-
malism is that the complete structure of the
QQ̄ Fock space, which is spanned by the

states n = 2S+1L
[i]
J with spin S, orbital an-

gular momentum L, total angular momen-
tum J , and color multiplicity i = 1, 8. The
inclusive cross-section of charmoium include
the prompt contribution (the sum of direct
production and feeddown contributions from
the decay of heavier charmonium states) and
the B feeddown. The prompt contribution
has been calculated using above mentioned
NRQCD formalism and FONLL [4] formalism
is dedicated to calculate the feeddown contri-
butions from B meson to the J/ψ and ψ(2S)
productions.

According to the NRQCD factorization for-
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FIG. 1: Differential production cross-section vs.
pT for inclusive J/ψ compared with the ALICE
data [6].

malism, the cross section for direct production
of a resonance H in a collision of particle A
and B can be expressed as

dσA+B→H+X =
∑

i,j,n

∫

dxadxbGa/A(xa, µF )

Gb/B(xb, µF )dσ(a + b → QQ̄(n) + X) < OH(n) >(1)

where Ga/A(Gb/B) is the partonic distribu-
tion function(PDF) of the incoming partons
a(b) in the incident hadron A(B) which de-
pends on the large light-cone momentum frac-
tion xa(xb) and the factorization scale µF .
The short distance contribution dσ(a + b →
QQ̄(n) + X) can be calculated within the
framework of perturbative QCD(pQCD). On
the other hand, < OH(n) > are nonperturba-
tive LDMEs and to be extracted from experi-
ment.

Results

The shaded band in Fig. 1 and 2 repre-
sent the predictions for the differential cross-
sections of inclusive J/ψ and ψ(2S) as a func-
tion of pT for the rapidity interval 2.5<y<4
at

√
s = 7 TeV, respectively, within the
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FIG. 2: Same as Fig. 1 but for inclusive ψ(2S).
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FIG. 3: Inclusive ψ(2S) to J/ψ production cross-
section ratio vs. pT compared to the ALICE
data [6].

NRQCD and FONLL framework [5]. The un-
certainty limits on the calculated values cor-
respond to the variation of the factorization
scale µF . This uncertainty due to the fac-
torization scale was estimated by performing
the calculations for µF = µR =µ0/2 (upper
bound) and µF = µR = 2µ0 (lower bound),
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FIG. 4: Same as Fig. 1 but only with the theo-
retical prediction for the differential cross-sections
for inclusive J/ψ at

√

s = 13 TeV [5].
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FIG. 5: Same as Fig. 4 but for inclusive ψ(2S).

here µ0 =
√

p2
T + 4m2

c . These uncertainties
were calculated for the direct production as
well as for the feeddown contributions from
ψ(2S), χc0, χc1 and χc2. However, in the
figure, the feeddown contributions have been
shown by lines which correspond to the calcu-
lated values for the central values of LDMEs
and µF . The experimental data from AL-
ICE [6] for the inclusive J/ψ and ψ(2S) dif-
ferential cross-sections has also been shown
in this figures. The NRQCD calculations are
unable to describe the experimental data for
pT < 4 GeV since in this domain the per-
turbative approximation fails. ALICE collab-
oration has also reported the ψ(2S) to J/ψ
cross-sections ratio at

√
s = 7 TeV [6]. These

measured and calculated values are shown in
Fig. 3. The experimental data shows a clear
dip for the bin 6-8 GeV while the calculated
values show a smooth increasing trend in the
domain of 3.5 < pT < 12 GeV. The predicted
cross-section for J/ψ and ψ(2S) for

√
s = 13

TeV are shown in Figs. 4 and 5, respectively.
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