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XYZ for QCD

αs"

αs"      αs"

confinement 

asymptotic 
freedom 

[Rev. Mod. Phys. 90, 15003 (2018)]

conventional hadrons

exotic hadrons

ØColor confinement:
üclear indication from both experiments and Lattice QCD
übelieved to be related to increase of 𝛼! at low energy, 

but never demonstrated analytically
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Map of heavy exotic hadrons
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ØLHCb is a single-arm forward region spectrometer covering 2 < 𝜂 < 5, with excellent vertexing, tracking and 
particle identification (PID) performance
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LHCb detector in Run 1 & 2

[JINST 3 (2008) S08005]

Vertex Locator: high precision; 
capable of separating 𝑏/𝑐
hadron production and decay 
vertices

RICHs: efficient identification 
of pions, kaons and protons

Muon system (M1-M5): 
efficient muon 
identification and trigger

𝜎!",$/&~10	µm, 𝜎!",'~60	µm

𝜀 𝐾 → 𝐾 ~95% 
@ misID rate 𝜋 → 𝐾 ~5% 𝜀 𝜇 → 𝜇 ~97% 

@ misID rate 𝜋 → 𝜇 ~1 − 3%

[IJMPA 30:07 (2015) 1530022]

u Run 1 (2011-2012): 
1 fb!"@ 7 TeV &
2 fb!"@ 8 TeV 

u Run 2 (2015-2018): 
6 fb!"@ 13 TeV

http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
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LHCb detector in Run 3

Software-only trigger New RICH1 optics
New photodetectors and 

readout for RICH1&2

Muon: removed M1 
and new readout

New Upstream Tracker 
(UT) Silicon strips

New VELO
Pixel detector

New SciFi Tracker
Scintillating fibres

Calorimeters: removed PreShower (PS) and 
Scintillating Pad Detector (SPD), new readout

[JINST 19 (2024) P05065]

u Run 3: 10 fb!"+rapidly growing 
@ 13.6 TeV

http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
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Exotic hadrons at LHCb

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

21 exotic hadron candidates

*Only most recent results 
covered in this talk

04.13:
◎ 任赞：LHCb上隐粲四夸克态的研究进展
◎ 童星昱：LHCb上粲重子的研究

04.14:
◎ 宋宇翔：LHCb上五夸克态的研究进展
◎ 朱琳萱：LHCb上𝐵 → 𝐷𝐷ℎ的分析

https://www.nikhef.nl/~pkoppenb/particles.html
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Radiative decays of 𝜒#$(3872)
pNature of 𝜒0"(3872) still under debate, while study of radiative decays provides a way to probe it

Ø𝜒0" 3872 → 𝜓 2𝑆 𝛾 observed for the first time using 𝐵1 → 𝜒0" 3872 𝐾1 decay with 9 fb!" data
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Total

Run1: 𝑁 = 40 ± 8; 5.3𝜎

Run2: 𝑁 = 63 ± 10; 6.7𝜎

[JHEP 11 (2024) 121]

üPossible explanation: 
different contributions 
from 𝑊0", isovector
partner of 𝜒0"(3872), 
in 𝐵1 decays and 𝑒1𝑒!
annihilations?

[arXiv: 2502.04458]
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Search for 𝐵#% → 𝜒#$ 3872 𝜋% 
pThe compact-tetraquark interpretation of 𝜒0"(3872) predicts enhancement of ℬ(𝐵01 → 𝜒0" 3872 𝜋1)

pATLAS reported significant enhancement of 𝜒0"(3872) production from 𝐵01, assuming short-lived 
contribution of non-prompt 𝜒0"(3872) to arise from 𝐵01 decays 

[PR D71 (2005) 014028]

[JHEP 01 (2017) 117]

𝝍 𝟐𝑺

𝝌𝒄𝟏 𝟑𝟖𝟕𝟐

ØNo signal observed from 9 fb!" LHCb Run1+2 data

[arXiv: 2503.20039]
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Puzzle in 𝐷&± spectroscopy

𝑐 $𝑞
𝑞
𝑠̅

𝑫𝒔𝟎∗ 𝟐𝟑𝟏𝟕 &

2003 [PRL 90 (2003) 242001]

𝑫𝒔𝟎∗ 𝟐𝟑𝟏𝟕 &

𝑫𝒔𝟏 𝟐𝟒𝟔𝟎 &

[PRL 91 (2003) 262002]

𝐿 𝑗# 𝐽+ 𝑚 𝐷± (MeV) 𝑚 𝐷%± (MeV)

0 1/2
0, 1869.66 ± 0.05 1968.35 ± 0.07

1, 2010.26 ± 0.05 2112.2 ± 0.4

1

1/2
0& 2343 ± 10 2317.8 ± 0.5

1& 2412 ± 9 2459.5 ± 0.6

3/2
1& 2422.1 ± 0.6 2535.11 ± 0.06

2& 2461.1&!.()!.* 2569.1 ± 0.8

Ø𝑫𝒔𝟎∗ 𝟐𝟑𝟏𝟕 ± and 𝑫𝒔𝟏 𝟐𝟒𝟔𝟎 ± are considered candidates of (𝐷𝐾, 𝐷∗𝐾) molecules
üTheir masses much below theoretical prediction
ü𝑚 𝐷89∗ 2317 ± < 𝑚 𝐷9∗ 2300 i.e. 𝑐W𝑢/𝑐𝑑̅ heavier than 𝑐𝑠̅
ü𝑚 𝐷8" 2460 ± −𝑚 𝐷89∗ 2317 ± ≃ 𝑚 𝐷∗ −𝑚(𝐷)
ü𝐷89∗ 2317 ± decay ~100% through the isospin breaking mode 𝐷81𝜋9

⇒ As 𝐷∗𝐾 molecule, a double-bump lineshape is expected in 𝜋1𝜋! spectrum from the  
𝐷8" 2460 1 → 𝐷81𝜋1𝜋! decay [Commun. Theor. Phys. 75 (2023) 055203]
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𝑇# ̅& states at LHCb
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2003 [PRL 131 (2023) 041902]

𝑻𝒄(𝒔𝟎∗ 𝟐𝟗𝟎𝟎 𝟎 𝑻𝒄(𝒔𝟎∗ 𝟐𝟗𝟎𝟎 &&

Hadron molecule 
𝐷-.∗ 2317 & → 𝐷𝐾
𝐷-/ 2460 & → 𝐷∗𝐾

𝑇0 ̅-.
∗ 2900 ./&& → 𝐷∗𝐾∗

⇒ partners expected, may couple to 𝐷-&𝜋±

Ø Theories motivate search for potential existence of 𝐷81𝜋± structure

Compact multiquark 

radial excitation

[PRD 110 (2024) 034014]
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Study of 𝐷&$ 2460 → 𝐷&%𝜋%𝜋)
ØA combined amplitude analysis of 𝐷8" 2460 → 𝐷81𝜋1𝜋! in 𝐵9 → 𝐷!𝐷81𝜋1𝜋!, 𝐵1 → b𝐷9𝐷81𝜋1𝜋! and 
𝐵9 → 𝐷∗!𝐷81𝜋1𝜋! is performed using 9 fb!" data

~ 800 signal candidates in total

[arXiv:2411.03399]
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By adding exotic 𝑇0 ̅-
&&/. → 𝐷-&𝜋± contributions under isospin symmetry

ü 𝑓.(980) and 𝑓3(1270) not significant
ü 𝑓.(500) mass and width agree with before

Ø Results on 𝑇0 ̅-
&&/.

ü > 𝟏𝟎 𝝈 significance vs. 𝑓. 500 + 𝑓.(980) model
ü 𝑴 = 𝟐𝟑𝟐𝟕 ± 𝟏𝟑 ± 𝟏𝟑𝐌𝐞𝐕/𝒄𝟐, 𝜞 = 𝟗𝟔 ± 𝟏𝟔,𝟐𝟑&𝟏𝟕𝟎 𝐌𝐞𝐕
ü 𝑱𝑷 = 𝟎& favored with 10 𝜎 significance  

2025/4/11 Liupan An 13

Amplitude fits of 𝐷&$ 2460 → 𝐷&%𝜋%𝜋)
The physical credibility with only 𝜋𝜋 res. is doubted:
✘ A large contribution from the tail of 𝑓3(1270)
✘ Large destructive interference between 𝑓.(500) and 𝑓.(980)
✘ 𝑓.(500) mass and width different from before  

[arXiv:2411.03399]

[PRD 110 (2024) 034014]
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𝑇#& states at LHCb
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ØFirst discovery of open-charm tetraquarks 
with four different flavors [𝑐𝑠W𝑢𝑑̅]!

𝐵Y → 𝐷Y𝐷Z𝐾Y

𝐵Y → 𝐷∗Y𝐷Z𝐾Y

[PRL 125 (2020) 242001]
[PR D102 (2020) 112003] 

𝑻(𝒄(𝒔𝟎∗ 𝟐𝟖𝟕𝟎 𝟎 → 𝑫,𝑲&

𝑻(𝒄(𝒔𝟎∗ 𝟐𝟗𝟎𝟎 𝟎 → 𝑫,𝑲&

𝐵! → 𝐷!𝐷"𝐾! 𝐵! → 𝐷∗!𝐷"𝐾!

[PRL 133 (2024) 131902]
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Observation of 𝑇#&*∗ 2870 * → 𝐷*𝐾,* [PRL 134 (2025) 101901]

ØAn amplitude analysis of 𝐵! → 𝐷!𝐷9𝐾:9 is performed using 9 fb!" data

𝑵 = 𝟏𝟓𝟒𝟎 ± 𝟒𝟎

ØFit with only 𝐵! → 𝐷8;∗! → 𝐷!𝐾:9 𝐷9 cannot describe 𝐷9𝐾:9 distribution

Ø𝑇0 ̅0
! → 𝐷!𝐷9 considered but no significant signal found

Ø𝑇089∗ 2870 9 → 𝐷9𝐾:9 observed with 5.3 𝜎 significance
ü𝑴 = 𝟐𝟖𝟖𝟑 ± 𝟏𝟏 ± 𝟖𝐌𝐞𝐕/𝒄𝟐, 𝜞 = 𝟖𝟕!𝟒𝟕1𝟐𝟐 ± 𝟏𝟕𝐌𝐞𝐕
ü𝑱𝑷 = 𝟎1 preferred

ØNo evidence for 𝑇08"∗ 2900 9 → isospin violation between 𝐷9𝐾:9 and 𝐷1𝐾!
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Pentaquark studies at LHCb
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Pentaquark studies via open charm modes

ØNo significant signals
ØLargest deviation from bkg. shown in 
Λ0&𝜋&𝐷,(𝑐 ̅𝑐𝑢𝑢𝑑) @ 𝑀~4520.69	MeV

prompt production
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𝜦𝒃𝟎 → 𝜮𝒄

∗ 11𝑫 ∗ !𝑲!𝜦𝒃𝟎 → 𝜦𝒄1b𝑫 ∗ 𝟎𝑲!

ØEssential input for extraction of 
ℬ(𝑃0& → Λ0& 4𝐷 ∗ .)/ℬ(𝑃0& → 𝐽/𝜓𝑝)
in the future

[EPJC 84 (2024) 575]
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ØStudy of resonant structures calls 
for larger dataset

[PR D110 (2024) L031104]
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𝛯-* → 𝐽/𝜓𝛯)𝜋% and 𝛬-* → 𝐽/𝜓𝛯)𝐾% [arXiv: 2501.12779]

𝑵 =
𝟖𝟒 ± 𝟏𝟎

𝑵 = 𝟏𝟎𝟕 ± 𝟏𝟐

𝐽/𝜓𝑝 → 𝑐 ̅𝑐𝑢𝑢𝑑 𝐽/𝜓𝛬 → 𝑐 ̅𝑐𝒔𝑢𝑑 𝐽/𝜓𝛯 → 𝑐 ̅𝑐𝒔𝒔𝑢/𝑑

ØFirst observation of 𝛯B9 → 𝐽/𝜓𝛯!𝜋1

ØMost precise measurement of 
ℬ 𝛬B9 → 𝐽/𝜓𝛯!𝐾1

ØLarger statistics needed for amp. study
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Prospects for Run3

ü 9 fbBC @ Run 1-2 →~30 fbBC by Run 3
ü Upgraded sub-detectors
ü Software-only trigger system 
→ trigger efficiency for fully hadronic 
modes largely improved

[LHCb-FIGURE-2024-006][LHCb-FIGURE-2024-025]

𝜰 → 𝝁&𝝁,

𝑫∗& → 𝑫𝟎𝝅&

[LHCb-FIGURE-2024-021]

𝑩𝟎 → 𝑫,𝝅&
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Summary
ØThe LHCb experiment maintains a strong momentum in exotic hadron – XYZ research
pCharmonium-like states

üRadiative decays of 𝜒'((3872)
üSearch for 𝐵') → 𝜒'( 3872 𝜋) 

pOpen-charm tetraquark states
üAmplitude analysis of 𝐷*( 2460 → 𝐷*)𝜋)𝜋+

üObservation of 𝐵+ → 𝑇'*,∗ 2870 , → 𝐷,𝐾., 𝐷+

pPentaquark states
üPentaquark studies via open charm modes:

prompt production, 𝛬/, → 𝛬')=𝐷 ∗ ,𝐾+, 𝛬/, → 𝛴'
∗ ))𝐷 ∗ +𝐾+

üMeasurement of 𝛯/, → 𝐽/𝜓𝛯+𝜋) and 𝛬/, → 𝐽/𝜓𝛯+𝐾)

Stay tuned!
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Credit: Ivan Polyakov [arXiv: 2410.06923]
A brief guide to exotic hadrons

谢谢！


