
Sawan (for the ALICE Collaboration)
National Institute of Science Education and Research

Homi Bhabha National Institute (HBNI),
Jatni- 752050, India

Exploring the higher mass exotic resonances in 
pp collisions at LHC with ALICE

Outline
✔ Introduction

✔ Resonances

✔ ALICE detector

✔ Analysis details

✔ Results

✔ Summary

10th Asian Triangle Heavy-Ion Conference - ATHIC 2025



10th Asian Triangle Heavy-Ion Conference                           14/01/2025   

Introduction
Meson Baryon

Tetraquark Pentaquark

Glueball

Ordinary matter

Exotic matter

🎯 Exotic hadrons study -> Test and validate QCD predictions

M.Gell-Mann, Phys.Lett. 8 (1964) 214-215
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Resonances

✓ Short lived particles that decay via strong 
interaction

✓ In experiment, reconstructed via invariant 
mass method

✓ Open question: Quark content of several 
resonances in the mass range 1-2 GeV/c2

Eur. Phys. J. C 81 (2021) 256
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Resonances under study
Properties of 

f0(980)

Mass (MeV/c2) 990 ± 20

Width (MeV/c2) 10 - 100

Spin 0

Charge 0

Parity 1

Decay mode π+π-

Branching ratio 46 ± 6 %

Quark 
composition ???

S. Stone et. al., PRL 111, 062001 (2013)

3/11

Properties of 
f1(1285)

Mass (MeV/c2) 1281.5 ± 0.5

Width (MeV/c2) 23.0 ± 1.1

Spin 1

Charge 0

Parity 1

Decay mode K0
s K π

Branching ratio 2.25 ± 0.1 %

Quark 
composition ???

(PDG) Phys. Rev. D 110, 030001 (2024)

Physics This analysis

Quark 
composition

✓ Investigated via 

data–model 
comparison

Quark structure 
(Differentiate 

between Di-quark 
and Molecular 

states)

⤫Not possible 

(feasible via 
femtoscopic 

studies)

Focus of this 
presentation

arXiv:2409.11936v1
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Glueball

PC
Phys. Rev. D 73, 014516 (2006)

⟹ Particles entirely composed 
of gluons.

⟹ Quark content, production 
mechanism and nature not 
understood yet.

⟹ Lightest scalar glueball 
mass range 1500 - 1700 
MeV/c2.

Lattice QCD         invariant mass at HERA

Phys. Rev. Lett. 101, 112003 (2008)

✓ Lightest scalar glueball candidates: f0(1370), f0(1500), and f0(1710)
✓ f0(1710) resonance observed in various experiments such as WA02, ZEUS, BES, etc.
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ALICE detector

✓ V0 detectors
● Centrality estimator
● Trigger

✓ Inner Tracking System (ITS)
● Tracking
● Vertexing

✓ Time Projection Chamber (TPC)
● Tracking and vertexing
● Momentum measurement
● Particle Identification (PID)

✓ Time Of Flight (TOF)
● Particle Identification (PID)
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https://alice-figure.web.cern.ch/node/11218

https://alice-figure.web.cern.ch/node/11218
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Dataset and Analysis details

Collision system pp and p–Pb

Center of mass 
energy (TeV)

13 (pp), 5.02 (pp and p–Pb)

No. of events ~109 (pp), 108 (pp and p–Pb) 

Rapidity (|y|) < 0.5

Reconstruction 
technique

Resonances 
under study

f0(980), f1(1285), f0(1270), 
f2(1525) and f0(1710)
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Phys. Lett. B 846 (2023) 137644

✓ f0(980) observation in pp collisions at
     = 5.02 TeV.

✓ Invariant mass reconstruction via ππ 
decay channel.
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f0(980) measurements in ALICE

𝜸s-CSM: Canonical statistical model with 
incomplete equilibration of strangeness
|S| = 0 -> No strange quark (1.9𝞂 deviation)
|S| = 2 -> ss quarks (4𝞂 deviation)

Phys. Lett. B 846 (2023) 137644 Phys. Lett. B 853 (2024) 138665

✓ No signs of strangeness enhancement 
in f0(980)

✓ Measurements disfavours |S| = 2 quark 
configuration
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f0(980) measurements in ALICE

Phys. Lett. B 853 (2024) 138665

✓ Absence of Cronin-like 
enhancement at 
intermediate pT

✓ Indication of a two-quark 
structure

Nuclear modification factor in four centrality classes
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f1(1285) measurements in ALICE

✓ First measurement of f1(1285) 
resonance in ALICE

✓ Resonances: f1(1285), f1(1420), 
and η(1475) (fit by 
Breit-Wigner distribution)

arXiv:2409.11936v1
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✓ Distinct linear trends for 
mesons and baryons

✓ f1(1285) aligns with mesons 
but overlaps baryons 
within 1𝛔

|S| = Total strange quarks
✓ f1/π consistent with |S| = 0 

within 1𝛔
✓ Indication of absence of strange 

quarks in quark composition
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Glueball hunt in ALICE

✓ Search for glueball candidates in 
          decay channel

✓ Three resonance peaks identified

✓ Distribution modelled via relativistic 
Breit-Wigner (signal) + 
Maxwell-Boltzmann distribution 
(background)

Lattice QCD: Lightest scalar glueball 
existence in mass range 1500 - 1700 MeV/c2

f0(1710): Possible candidate for 
lightest scalar glueball
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Summary and Outlook
Summary

✓ Production measurement of f0(980) and f1(1285) in inelastic pp collisions in ALICE.

✓ Experimental data compared with Canonical Statistical Model calculations rules 
out strange quark content in the f0(980) and f1(1285) resonances.

✓ The absence of Cronin-like enhancement in the QpPb vs. pT plot favours the 
mesonic structure of f0(980).

✓ In the ⟨pT⟩ vs. mass plot, f1(1285) aligns with the meson trend but also fits the 
baryon trend within 1σ.

✓ Hint of possible Glueball candidate f0(1710) signal in          decay channel.
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Outlook
✓ Higher mass resonance measurements in high statistics pp and Pb–Pb run 3 data.



BACKUP 
SLIDES
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f0(980) measurements in ALICE
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Double ratio: hadron to pion for given multiplicity to the lowest multiplicity
K*(892)0: Competing effect of strangeness enhancement and rescattering 
(dominant over regeneration)


