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The quark model has proven successful in describing the basic build-
ing blocks of strongly interacting particles in the Standard Model, where
hadronic states consist of quarks and gluons. At the same time, Lattice
QCD predicts the possibility of glueball candidates in the mass range of
1550–1750 MeV/c2, which have never been observed. The experimental
search for the existence of mesons with no quark content is both interest-
ing and challenging as the glueball is very likely to mix with surrounding
quark–antiquark scalar meson states with the same quantum numbers. The
large statistics data sample collected by ALICE in pp collisions at the high-
est LHC center-of-mass energy provides an opportunity to measure high
mass resonances, whose characteristics and internal structure are still un-
known. In this article, we report on the measurements of invariant mass
distributions of higher mass resonances using the decay channels of K0

SK
0
S

and K+K− pairs in pp collisions at
√
s = 13 TeV using the ALICE detector

at midrapidity.

DOI:10.5506/APhysPolBSupp.16.1-A153

1. Introduction

Quantum chromodynamics (QCD) is the theory of strong interaction
between quarks mediated by gluons. QCD predicts that pairs or triplets of
quark and antiquark can bind together, forming the hadrons. The strong
force carriers are called gluons. In QCD, the gluons interact not only with
the quarks but also among themselves, since they carry the color charge
that characterizes the strong interaction. This fact allows Lattice QCD to
predict for the existence of particles composed of gluons only [1], the so-
called glueballs.
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The lightest glueball is expected in a mass range of 1550–1750 MeV/c2
having total angular momentum (J), space parity (P ), and charge par-
ity (C), JPC = 0++. The possible states with JPC = 0++, and isospin
I = 0 are f0(980), f0(1370), f0(1500), and f0(1710). f0(1710) is a suitable
candidate for glueball as its mass is in the range expected by the Lattice
QCD predictions [1, 2]. The ZEUS Collaboration observed states such as
f2(1270)/a

0
2(1320), f ′

2(1525), and f0(1710) in the mass spectrum of the de-
cay channel K0

SK
0
S pairs. It was found that the measured mass of f0(1710)

is consistent with the mass of glueball candidate and observed signal has a
5 standard deviation statistical significance [2].

2. Description of detectors and analysis details

The measurements have been performed using pp collisions at
√
s =

13 TeV, Run 2 data collected by the ALICE detector. The total number
of analyzed events is about 1.5× 109. A detailed description of the ALICE
detector setup and its performance is discussed in Ref. [3]. The sub-detectors
relevant for these studies are the Time Projection Chamber (TPC), the
Time-of-Flight detector (TOF), the Inner Tracking System (ITS), covering
pseudorapidity window of |η| < 0.9, and the V0A (2.8 < η < 5.1) and V0C
(3.7 < η < 1.7) detectors. The resonances are reconstructed through the
invariant mass distribution of inclusive K0

SK
0
S and K+K− pairs. Figure 1

shows the invariant mass distribution of K0
S candidates reconstructed from

π+π− pairs.
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Fig. 1. (Color online) Invariant mass distribution of π+π− pairs at midrapidity for
0–100% multiplicity class in pp collisions at

√
s = 13 TeV. The gray/yellow area

represents the selected region of K0
S invariant mass. To define the signal region,

data have been fitted with a Gaussian function which is shown as black solid line.

For the reconstruction of K0
SK

0
S invariant mass distributions, K0

S can-
didates are selected in the mass window shown as the gray/yellow band
in Fig. 1 which covers 3 sigma area around the mass peak position. Fig-
ure 2 shows the invariant mass distributions of K0

SK
0
S (on the left) and
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K+K− (on the right) pairs before the combinatorial background subtraction
(show as black markers) along with the combinatorial background distribu-
tions. The combinatorial backgrounds are reconstructed using the mixed-
event method for K0

SK
0
S pairs, and the like-sign method for K+K− pairs.

The mixed-event combinatorial background is normalized in the mass region
2.2 < MK0

SK
0
S
< 2.3 GeV/c2.
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Fig. 2. (Color online) The measured K0
SK

0
S (left) and K+K− (right) invariant

mass distributions before combinatorial background subtraction (black markers)
and combinatorial background distributions (gray/red markers).

3. Results and discussion

Figure 3 shows the K0
SK

0
S and K+K− invariant mass distributions after

combinatorial background subtraction in the multiplicity class 0–100% and
transverse momentum range 1.0 ≤ pT < 10 GeV/c for pp collisions at

√
s =

13 TeV. Multiple resonances appear in the mass spectrum and each of the
resonance (R) distribution can be described by a relativistic Breit–Wigner
(rBW) function

rBW(R) =
MRΓ0M0(

M2
R −M2

0

)2
+M2

0Γ
2
0

. (1)

The invariant mass distribution of K0
SK

0
S pairs fitted with a sum of rela-

tivistic Breit–Wigner function (F (M)) used to describe the signal of the
resonances plus a smoothly varying background function (U(R)) motivated
by SU(3) symmetry [4]

F (M) = a|5rBW(f2(1270))− 3rBW(a02(1320)) + 2rBW(f ′
2(1525))|2

+b|rBW(f0(1710))|2 ,
U(R) = A(MR − 2m0)

BExp(−C(MR − 2m0)) , (2)

where MR is the mass of decay pairs of resonances, M0 and Γ0 are mass and
width of resonances, m0 is PDG mass of the decay daughter of the resonance,
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a, b, c, A,B, and C are free parameters. A non-coherent sum of 3 relativistic
Breit–Wigner functions plus U(R) function is used for describing the invari-
ant mass distribution of K+K− pairs. Three peaks are seen at mass around
1300, 1500, and 1700 MeV/c2 in K0

SK
0
S invariant mass distribution as shown

in the left panel of Fig. 3.
A prominent signal of resonance state f ′

2(1525) is seen in mass spectrum
of K0

SK
0
S and K+K− pairs.
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Fig. 3. (Color online) Left: invariant mass distribution of K0
SK

0
S pairs. The black

solid line is a result of the fit and the blue dashed line represents the residual
background function described in Eq. (2). Bottom panel shows the invariant mass
distribution of K0

SK
0
S pairs after subtraction of the residual background, fitted

with a sum of relativistic Breit–Wigner functions as described in the text. Right:
measured K+K− invariant mass distribution. The solid line is a fit function for
resonances and the dashed line represents the residual background function.

4. Summary

We have reported the invariant mass distributions of higher mass reso-
nances using decay channels of K0

SK
0
S and K+K− in pp collisions at

√
s =

13 TeV registered by the ALICE detector. In K0
SK

0
S mass spectrum, 3 reso-

nance states are observed in the mass range of 1–2 GeV/c2. The mass peak
around 1710 MeV/c2 corresponds to the mass of the expected glueball candi-
date with 0++. A prominent mass peak around 1525 MeV/c2 is observed in
both K0

SK
0
S and K+K− mass spectra. The high statistics data of upcoming

Run 3 and Run 4 will provide further precision on these measurements.
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