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Introduction

Â QCD describing strong interaction between quarks and gluons is not well 

understood due to its non-perturbative nature at low energy scale

Â Hadron spectroscopy provides opportunities to test QCD and its effective 

models 

Ç e.g. lattice QCD, diquark model, potential model é

Â Exotic hadrons provide unique probe to QCD 

Ç Predicted in quark model

Ç Recent results show strong evidence for their existence
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Advantages for spectroscopy study at LHCb

Â Large statistics in LHCb acceptance

Ç ~φ ρπὦὦ per second @ ρσTeV

Ç ~ςπ yield forὧӶὧcompared toὦὦ

Â All kinds of hadrons can be produced

Ç ɤȟɧȟɫȟɱȟὄé

Â Dedicated design of detector

Ç Powerful particle identification

Â  

Ç Good momentum, mass resolution

Â  

Ç Very precise vertex resolution

Â „ ςπʈÍto detect long-lived D and B decays

IJMPA 30 (2015) 1530022

PID from Cherenkov

3

https://arxiv.org/abs/1412.6352


LHCb collected luminosity

This is Run3

Run3: Hope to collect ~15 fb-1 

physics data in 2024&2025

Statistics  ͯ  run1+2

Trigger efficiency  for 

hadronic final state
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New particles in a glance

Â 67 new hadrons discovered by LHCb!
https:// www.nikhef.nl /~ pkoppenb / particles.html

Exotic hadron naming convention:  PDG2024
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ὤᴼὝ Ӷ
ᶻ

     ὤ ᴼὝ ӶӶ
ᶻ

   ὖᴼὖ Ӷ 

https://www.nikhef.nl/~pkoppenb/particles.html
https://pdg.lbl.gov/2024/web/viewer.html?file=../reviews/rpp2024-rev-naming-scheme-hadrons.pdf


Selected topics

Â Amplitude analysis of ὄ ᴼὈz Ὀᴜ ὑ     [arXiv: 2406.03156]

Â Exotic ὐȾ‪‰resonances in diffractive processes in ὴὴ collisions [arXiv: 2407.14301]

Â Amplitude analysis of ὄ ᴼ‪ςὛὑ ““    [arXiv: 2407.12475]

Â Study of radiative decays of … σψχς     [arXiv: 2406.17006]

Â Amplitude analysis of ὄ ᴼὈᶻὈ“     [arXiv: 2405.00098]

Â Observation of ɤ ᴼὈὈɤ    [arXiv: 2403.03586]

Â Search for prompt production of pentaquarks in open charm final states    
[arXiv: 2404.07131]

Â Observation of ɤ ᴼɫ
ᶻ
Ὀᶻ ὑ     [arXiv: 2404.19510]
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║ ᴼ╓ᶻ╓ᶸ╚ : signal yields

Â Using the full LHCb dataset of ω ÆÂ : Ὀᶻ ᴼὈ ᴼ╚ ⱫǪ ╚ ⱫⱫⱫ “

[arXiv: 2406.03156]

V ὄ ᴼὈᶻὈὑ ȡ

V ὄ ᴼὈὈᶻὑ ȡ
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║ ᴼ╓ᶻ╓ᶸ╚ : amplitude analysis

Â Amplitudes of ὄ ᴼὙὈz Ὀ ὑ  and ὄ ᴼὙὈ Ὀz ὑ  linked by ╒-parity

ᵼ allowing determination of C-parities of Ὑ resonances 

V Ὠ ρ for ὄ ᴼὈὈᶻὑ ; Ὠ ρ for ὄ ᴼὈᶻὈὑ

ÅὙ resonances with ὐ ρ : Ὓ-wave & Ὀ-wave

ÅOther resonances: Breit-Wigner

ÅNonresonant contributions to Ὀz Ὀᴜ  : 

Ὢ ά Ὡ  for ὔὙ ; otherwise Ὢ ά ρ

ὄ ᴼὈὈᶻὑ

ὄ ᴼὈz Ὀ ὑ
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║ ᴼ╓ᶻ╓ᶸ╚ : fit results
Â All components in baseline fit have significance υ„

*Fit fractions in paper

Vclear different interference behaviors9/7/24 Liming Zhang 9

[arXiv: 2406.03156]



║ ᴼ╓ᶻ╓ᶸ╚ : ╓ᶻ╓ᶸ system

Á Four charmonium(-like) are observed decaying to ὈᶻὈᶸ

Á At lease three of them are first observation

GI model 

hep-ph/0505002
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X(3940)?

ÁSignificances for those charmonium(-
like) states >6.1�V

ÁJPC for each state is determined to be 
>5.7�V better than other hypotheses

Á… τπρπ could be the partner of 
… σψχς

new


