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Introduction
ÅTwo regimes of QCD
ÅAsymptotic free

ÅConfinement

ÅExperimental probes @ LHCb
ÅHard scatterings

ÅHadron spectroscopy

ÅSpectroscopy
ÅTest QCD-motivated effective theories / lattice QCD 

results at low energies (QCD non-perturbative)

ÅConventional hadrons: 
ÅConventional mesons ήή, baryons ήήή

ÅExotic hadrons: 
ÅTetraquarksήήήήȟpentaquarks ήήήήήΧΧ

PDG2021

Asymptotic freeConfinement
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The LHCbdetector
ÅOptimized for heavy-flavor studies @ LHC
ÅSingle-arm and forward spectrometer, –ɴ ςȟυ

JINST 3 (2008) S08005, IJMPA 30 (2015) 1530022

ÅPowerful particle identification

ÅGood momentum resolution

Å ͯπȢυ ρȢςϷ

ÅPrecise vertex resolution
Å„ ρππ‘ά

Å„ υͯπÆÓ
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Hadrons observed at LHCb

ÅCƻƭƭƻǿƛƴƎ ά9ȄƻǘƛŎ ƘŀŘǊƻƴ ƴŀƳƛƴƎ ŎƻƴǾŜƴǘƛƻƴέ 
proposed by LHCbrecently
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https://www.nikhef.nl/~pkoppenb/hadrons//Masses_LHCb.pdf

arXiv: 2206.15233



Selected results from LHCb
ÅStudy of intermediate states in ὦdecays
ÅExcited ̔ in ὄ ᴼ ӶΏ☻╬╚

ÅTetraquark candidates in ὄ ᴼὈ╓▼Ⱬ and ὄ ᴼὈ╓▼Ⱬ
decays

ÅPentaquark candidates in ὄ ᴼ╙Ⱦⱶ☻ὴ

ÅStudy the amplitude of three-body ὧdecays
ÅὈ ᴼ“““

ÅὈ ᴼ“““

ÅΏ ᴼὴὑ “
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LHCb-PAPER-2022-028, in preparation

arXiv:2208.03262

arXiv:2209.09840

arXiv:2208.03300

LHCb-PAPER-2022-026, LHCb-PAPER-2022-027, in preparation

LHCb-PAPER-2022-031, in preparation



Spectroscopy study in ὦdecays
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ὴὴinteraction 
vertex

“ȟὑȟὴȣȣ

Significant ὦflight 
distance

ὦ-decay vertex

Well-identified exclusive ὦ-decays



Spectroscopy study in ὦdecays
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Well-identified exclusive ὦ-decays:

Low-background environment for 
spectroscopy study in final-state 
combinations

ὴὴinteraction 
vertex

“ȟὑȟὴȣȣ

ὦ-decay vertex

Resonance ?



Spectroscopy study in ὦdecays
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Well-identified exclusive ὦ-decays:

Low-background environment for 
spectroscopy study in final-state 
combinations

ÅTechniques:
Study the mass peaks

Amplitude analysis (mass+angles)

PRD 104(2021)L091102

Excited   in 
  ᴼ♀╬╚ “

Science Bulletin 66(2021)1278

Pentaquark evidence in 
ɧ ᴼ╙Ⱦⱶ ὑ

Enables: ╙╟measurement; well describe reflections
More & more important for exotic hadron studies

ὴὴinteraction 
vertex

“ȟὑȟὴȣȣ

ὦ-decay vertex

Resonance ?



{ǘǳŘȅƻŦὄ ᴼΏ ӶΏὑ
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LHCb-PAPER-2022-028, in preparation



preliminary

signal

The ὄ ᴼΏ ӶΏὑ decay
ÅInteresting for conventional & exotic studies
Å♀╬

ᶻzᴼ☻╬╚ ; exotic hadrons in ☻╬☻╬and ☻╬╚ ?

ÅHigh-purity sample, with ὔ ρσφυτς
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LHCb-PAPER-2022-028, in preparation

ÅNo significant hint for 
exotic hadrons in 
☻╬☻╬or ☻╬╚ mass 
spectra

preliminary
preliminary

preliminary preliminary



Ώὑ mass spectrum study
ÅFit άΏὑ spectrum
Å4 excited ̔ states

ÅRelativistic Breit-Wigner amplitude;  interference considered
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LHCb-PAPER-2022-028, in preparation

preliminary

῾ ςχωπ
σȢχ„

῾ ςψψπ
σȢψ„

῾ ςωςσ
ρπ„

῾ ςωσω
ρπ„

῾ ςωςσ&῾ ςωσωwere observed in 
prompt production, confirm existencein 
different production mechanism

Evidence of new decay mode for῾ ςχωπ
Evidence of new state ̔ ςψψπ

PRL 124(2020)222001


