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Introduction

QCD describing strong interaction between quarks and gluons is not well
understood due to its non-perturbative nature at low energy scale

A Hadron spectroscopy provides opportunities to test QCD and its effective
models
¢ e.g. lattice QCD, diquark model, potential model é

A Exotic hadrons provide unique probe to QCD
¢ Predicted in quark model
¢ Recent results show strong evidence for their existence
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Advantages for spectroscopy study at LHCb

A Large statistics in LHCb acceptance

¢ ~@ p TIawpersecond @ p dleV
¢ ~c¢ 1 yield for csjcompared to ¢xo

A All kinds of hadrons can be produced
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A Dedicated design of detector 2 0
¢ Powerful particle identification BBE L P 0°
i RICHK — 1 separation: €(K —» K) ~95% mis-ID e(mr —» K) ~ 5% N 10 102
A Muon ID: e(u - 1) ~ 97% mis-ID e(r - p) ~ 1 — 3% Momentum (GeV/c)

¢ Good momentum, mass resolution

A Momentum: Ap/p = 0.4~ 0.6% (5 -100 GeV/c)

Mass : 0, = 8 MeV/c? for B — J /X (constrainted my )

¢ Very precise vertex resolution

A, ¢ 1t | to detect long-lived D and B decays

IJMPA 30 (2015) 1530022


https://arxiv.org/abs/1412.6352

LHCDb collected luminosity

Integrated Recorded Luminosity (1/fb)

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2024
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New particles in a glance

A 67 new hadrons discovered by LHCD!

https:// www.nikhef.nl /~ pkoppenb /particles.html

11.5 1 1 1 1 1 1 1 1 1 1 1 1 1
bq ccce b
1104 67 new hadrons at LHCb ¢ b9 ¢ < W baa
: ® ccC ® a cqq
10.5 - cé(qq) ® cgqq B cdqqq
D . P
® ccqq
7.5 -
. Teece(6900 L
7.0 @ (6900
- NAp(6152 i L
®> (6227'g NieTage W =(6227° gz, e327)6 =,(6095)0
6.0 - Ab(5920)° Eb<5955)i.81(5970)*"; ; (609l7)+ L lo , - l§2(6087)° L
' AL(5912)0 _ o @ 5,(5840)+ b Ap(6070)° B; (6114)
_ o(5912) =(5935)" T 55(6097) B (6063)°
~ 5.5 1 L
9]
-~
2 5.0 - L
O X(4700) X(4685)
= P.:(4450)* X(4500) Pc:(4457) X(4630)
ce( ) ,
n 4.5 X(4274) P.:(4440)* . . Pczs(4338) hc(4300) 5
7)) + " Tees1(4220) |
g 40 P:(4380) :(Cg(844_.°>21)2) T.:c1(4000)* T.261(4000)° %C%ﬁ)%]b?)
. L r.{Ba75) X(3960) )
3.5 1 . 0.(3327)° B
D/(3000)*° . 235800 - 29300 Q(3185)°
.0 D;(3000)° D.,(2860) A(2860)* | 0c(3066)° % Te0(2900)° . -+ -
3.0 Dj$(2760))+. 61 ( , ) 05(3050)3 2.(2923)° .TCS;J(ZQOO)U .;Cfoggggio
D,(2740)° D;(2760) Q(3000) ®p.,(2500) 0
2.5 1 D,(2580)° 50 -
20 T T T T T T T T T T T T T
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Date of arXiv submission
. . . 7 O (14 4 114 O (14 4 5 O 5
Exotic hadron naming convention: PDG2024 W Y r Y m U U r

9/7/24 Liming Zhang


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

A Amplitude analysisof 6 © ‘G O 0 [arxiv: 2406.03156]
A Exotic Ul %sesonances in diffractive processes in ) reollisiongarxiv: 2407.14301]
A Amplitude analysisof 6 O [ (¢ W “ “  [arxiv: 2407.12475]

A Study of radiative decays of ... 0 Y X CarXiv: 2406.17006]

>

>
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| o ' L :signalyields

[arXiv. 2406.03156]
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Using the full LHCb datasetof w& :' 0 ©c 0@ L z ok z z z )
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| © = L :amplitude analysis

A Amplitudesof & © Y(O O )0 andd © Y(O O )0
t allowing determination of C-parities of 'Y resonances

linked by pparity
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A'Yresonances with  p : "Ywave &O-wave

Frsyplm) = Lo
R,S/D m3 — m? — imo[v2ls(m) +~v5Tp(m)]

A Other resonance®BreitWigner

A Nonresonantontributions toO* 0’ :
Qd) Q for0'Y ; otherwise' Q&) p
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H O "-Z |-|-U E f|t reSUItS [arXiv. 2406.03156]

A All components in baseline fit have significance v,
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| °©r r & :p r system

A Four charmonium(-like) are observed decaying to O° 'O’

A At lease three of them are first observation )
ASignificances for those charmonium(-

X(3940)? like) states >6.1V

AJPC for each state is determined to be

>5.7 Vbetter than other hypotheses
new

A... uld be the partner of

T TP CD
oyXxC
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