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Introduction
The quarkonia have been proved to be a vi-

able tool to probe both perturbative and non-
perturbative aspects of Quantum Chromody-
namics (QCD). Because of the small veloc-
ity v of its massive constituents, the quarko-
nia states are qualitatively distinct from most
other hadrons and non-relativistic treatment
of such bound states thus becomes feasible.
The NRQCD factorization scheme in this re-
gard, is one of the most promising and reliable
formalisms for analyzing the heavy quarko-
nia production[1]. The study of the differ-
ential charmonia production cross sections in
high energy p+p collisions is completed using
NRQCD formalism[2].

Bottomonia Production in p+p
collisions

Under the NRQCD formalism, the direct
production cross-section of a resonance in a
collision of two particles can be expressed in
factorized form[3]. While the short distance
contributions are calculated within the frame-
work of perturbative QCD (pQCD), the Long
Distance Matrix Elements (LDMEs) are es-
timated using fit to experimental measure-
ments. In this work, we have calculated the
production cross sections for Υ states using
large set of measured data currently available
at LHC energies [4–6] for both central and for-
ward rapidities to constrain the LDMEs re-
quired for Υ(3S) production. We have fur-
ther estimated the LDMEs to predict Υ(2S)
production cross-section using data from CMS
and ATLAS Collaborations[4–6] at

√
s = 7

and 13 TeV. For that purpose, we have used
feed down contribution only from Υ(3S) state.
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We are in process of including feed down con-
tributions from all the applicable bottomonia
states. In the limit v << 1, the production

of quarkonium is based on the 3S
[1]
1 and 3P

[1]
J

(J = 0,1,2) Color Singlet states, 1S
[8]
0 , 3S

[8]
1

and 3P
[8]
J Color Octet states. The differen-

tial cross section for the direct production of
Υ(3S) can be written as the sum of these con-
tributions. In our calculations, we used the ex-
pressions for the short distance cross-sections
from Refs.[7, 8].

Results and discussions
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FIG. 1: The NRQCD calculations of production
cross section of Υ(3S) in p+p collisions at

√
s =

7 and 13 TeV, compared with the measured data
at CMS[4, 5] and ATLAS[6] experiments.
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FIG. 2: The NRQCD calculations of production
cross section of Υ(2S) in p+p collisions at

√
s =

7 and 13 TeV, compared with the measured data
at CMS[5] experiment. Feed down contributions
from Υ(3S) has been considered.

Υ(3S), the highest bound state in bb spec-
trum, must not have any feed down contribu-
tion. The CS LDMEs can be obtained by solv-
ing the non-relativistic wavefunctions[8]. For
the CO LDMEs, experimental data are used to
constrain them. Figure 1 shows the NRQCD
calculations of production cross section of
Υ(3S) in p+p collisions as a function of trans-
verse momentum found from the combined
fitting of measured data in CMS[4, 5] and
ATLAS[6] detectors at LHC. Table I shows the
corresponding values of CS and CO LDMEs,
as extracted. The χ2/dof is ∼3.8. Our val-
ues of LDMEs are compatible with those ob-
tained in[9]. We however have significantly
improved on the errors present on the values
of LDMEs by using combined fitting of large
datasets currently available at LHC energies.
Further investigation in terms of accuracy is
however in progress. Figure 2 shows the esti-

Υ ML([3S1]1) ML([3S1]8)GeV3 ML([1S0]8)GeV3

(3S) 4.3GeV3 0.0563±0.0007 0.0197±0.0005
(2S) 4.5GeV3 1.2938±0.0429 0.8129±0.0465

TABLE I: CS and CO LDMEs for Υ(3S) and
Υ(2S) extracted from the combined fitting of lat-
est LHC data[4–6].

mation of Υ(2S) production cross-section us-
ing combined fitting of the experimental data

from CMS[4, 5] and ATLAS[6] measurements
at 7 and 13 TeV, with feed down contribu-
tion only from Υ(3S). We plan to present the
detailed study including feed down from all
higher states. The values for LDMEs so far
obtained are provided in Table I with a com-
bined χ2/dof of ∼4.0. Further investigation
in this direction is however needed to be con-
clusive and that is in order.

Summary

We have calculated the differential pro-
duction cross-section of Υ(3S) and Υ(2S)
mesons as a function of transverse momen-
tum. Presently available data at LHC ener-
gies are used to obtain the values of color octet
LDMEs. Feed down from Υ(3S) has only been
considered here to produce results for Υ(2S).
A further rigorous study in this direction along
with the same for Υ(1S) is in progress.
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