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 Hadron spectroscopy for QCD
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•Color confinement at low energy
•clear indication from both experiments and Lattice QCD
•believed to be related to increase of  at low energy, but 

never demonstrated analytically
•Exotic states provide inputs for further understanding of QCD

αs

conventional hadrons

exotic hadrons

https://www.nature.com/
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 Timeline of heavy exotic hadrons
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credit: Liupan An
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LHCb detector
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2 < η < 5

https://www.nature.com/
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LHCb detector
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Excellent decay time 
resolution ~ 43 fs for B0

s
Precise vertex 
measurements, 

~ 35 µm σ(IPx)

Excellent momentum 
resolution ~ 0.5%

Excellent particle 
identification

misID 
ϵ(K) ≈ 95 %

p(π → K) ≈ 5 %
ϵ(μ) ≈ 97 %

LHCb performance:  
JINST 14 (2019) P04013

2 < η < 5
proton beam

collision point

• Daughters of b & c hadron decays: , flight distance pT ∼ 𝒪(1 GeV/c) L ∼ 1 mm

9  Run 1+2 data
~   hadrons
fb−1

1011 b

https://www.nature.com/
https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04013
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  χc1(3872)
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PRL126(2021)092001

PRL110(2013)222001

PRL91(2003)262001

PRD102(2020)092005

PRL132(2024)151903

2024
2021

2020

2013

2003

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.092001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.222001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.91.262001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092005
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.151903
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  χc1(3872)
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PRL126(2021)092001

PRL110(2013)222001

PRL91(2003)262001

PRD102(2020)092005

PRL132(2024)151903

2024

still under 
discussion!

2021
2020

2013

2003

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.092001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.222001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.91.262001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092005
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.151903
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  Radiative decays of χc1(3872)
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JHEP 11 (2024) 121

•  Ratio of the partial radiative decay widths into  and   1 for a pure  molecular

•   observed for the first time in  with 9   collision data 
• Inconsistent with pure  molecular hypothesis but agree with many others：

  conventional  charmonium,  tetra quark, molecules mixed with a sizeable compact component 

ψ(2S)γ J/ψγ ≪ DD̄*
χc1(3872) → γψ(2S) B+ → χc1(3872)K+ fb−1 pp

DD̄*
cc̄ cc̄qq̄

PRD109(2024)074009

https://www.nature.com/
https://link.springer.com/article/10.1007/JHEP11(2024)121
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.109.074009
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  Observation of χc1(3872) → J/ψμ+μ−
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PRD113(2026)072019

•Several possible contributions to  : 
virtual photon at low  or  contribution at high 

•Simultaneous search of 

χc1(3872) → J/ψμ+μ−

mμμ ρ/ω mμμ

χc0(3915)

•  with significance > 6  using 9  
Runs 1+2 data
60 ± 11 χc0(3872) σ fb−1

https://www.nature.com/
https://journals.aps.org/prd/pdf/10.1103/jqvq-sbp7
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  Search for B+
c → χc1(3872)π+
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JHEP 06 (2025) 13

•The compact-tetra quark interpretation of  predicts enhancement of 

•ATLAS reported significant enhancement of  production from , assuming short-lived 
contribution of non-prompt  to arise from  decays

χc1(3872) ℬ(B+
c → χc1(3872)π+)

χc1(3872) B+
c

χc1(3872) B+
c JHEP 01 (2017) 117

χc1(3872)

ψ(2S) No signal observed from 9  LHCb Run 1+2 data fb−1

https://www.nature.com/
https://doi.org/10.1007/JHEP06(2025)013
https://link.springer.com/article/10.1007/JHEP01(2017)117
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   statesTcc̄
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2013 PRL110(2013)252001

https://www.nature.com/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.252001
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   statesTcc̄
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2013 PRL110(2013)252001

https://www.nature.com/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.252001
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   statesTcc̄
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2013 PRL110(2013)252001

•  annihilation

• 
•Decay from charmonium-like 

states

•  hadron decays
• Pomeron-induced process

e+e−

e+e− → J/ψX

b

https://www.nature.com/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.252001
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 Study of  Tcc̄1(4430)+
PRD 113 (2026) L071101

• No consensus on the  nature since the first observation by Belle 

• First full amplitude analysis of  with 5.4  LHCb data
• Both model-independent and model-dependent approaches tested

•  needed, both BW & Flatte parametrisation considered

Tcc̄1(4430)+

B+ → ψ(2S)K0
Sπ+ fb−1

Tcc̄1(4430)+

PRL100(2008)142001

https://www.nature.com/
https://doi.org/10.1103/rcfs-ynh2
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.100.142001
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 Search for  Tcc̄(4410)−
EPJC 86 (2026) 537

•  Evidence (3.2 ) of  was found in  with 4.7  LHCb data

•  , 

•  Amplitude analysis of  using 9  Run 1 + 2 data

•   is slightly preferred in the amplitude model, but significance less than 3  when 
considering systematic uncertainties

σ Tcc̄(4410)− B0 → ηc(1S)K+π− fb−1

M = 4096 ± 20+18
−22 MeV Γ = 152 ± 58+60

−35 MeV
B0 → ηc(1S)K+π− fb−1

Tcc̄(4410)− σ

EPJC78(2018)1019

Tcc̄(4410)−

https://arxiv.org/abs/2509.03133
https://doi.org/10.1140/epjc/s10052-018-6447-z%20Focus%20to%20learn%20more
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 Puzzle in  spectroscopyD±
s
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PRL90(2003)242001
PRL90(2003)262002

https://www.nature.com/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.90.242001
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 Puzzle in  spectroscopyD±
s
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PRL90(2003)242001
PRL90(2003)262002

•  and  are considered candidates of  molecules

•Masses ~100 MeV below predictions

• Isospin-violating decay 

D*s0(2317)± Ds1(2460)± (DK, D*K)

D(*)+
s π0

•Double-bump line shape in  from  if as  moleculem(ππ) Ds1(2460)+ → D+
s π+π− D*K

Commun. Theor. Phys.75 055203

https://www.nature.com/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.90.242001
https://iopscience.iop.org/article/10.1088/1572-9494/accc1f/meta
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  states at LHCbTcs̄
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PRL131(2023)041902

https://www.nature.com/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.041902
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  states at LHCbTcs̄
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•  Isospin partners of  proposed inspired by D*s0(2317) Tcs̄(2900)++/0 → D+
s π+/−

PRL131(2023)041902

PRD 110 (2024)034014 

https://www.nature.com/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.041902
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.034014
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 Study of  Ds1(2460)+ → D+
s π+π−

Sci.Bull. 70(2025)1432–1444

~800  Ds1(2460)+ → D+
s π+π−

https://www.nature.com/
https://www.sciencedirect.com/science/article/pii/S2095927325001872?via=ihub
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 Study of  Ds1(2460)+ → D+
s π+π−

Sci.Bull. 70(2025)1432–1444Two models describe data equally well!

https://www.nature.com/
https://www.sciencedirect.com/science/article/pii/S2095927325001872?via=ihub
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 -tagged  μ Ds1(2460)+/Ds1(2536)+ → D+
s π+π−

arXiv:2608.10826

•    from -tagged  predominately

•   mostly from 

•   was assumed to be either a conventional  meson or  molecule

Ds1(2460)+ → D+
s π+π− μ B → Ds1(2460+(D̄(*) → μν̄Xμ)

D+
s1(2536)+ → D+

s π+π− B̄0
s → Ds1(2536)+μ−ν̄μ

D+
s1(2536)+ cs̄ D*K

Ds1(2460)+ → D+
s π+π− D+

s1(2536)+ → D+
s π+π−1125 ± 601240 ± 60

•  Branching fraction of  measured for the first time w.r.t D+
s1(2536)+ → D+

s π+π− D+
s1(2536)+ → D+K+π−

https://www.nature.com/
https://arxiv.org/pdf/2608.10826
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Ds1(2460)+ → D+
s π+π−
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 -tagged  μ Ds1(2460)+/Ds1(2536)+ → D+
s π+π−
arXiv:2608.10826

•  Significant different Dalitz plots suggests differences in the internal structure of the two states

D+
s1(2536)+ → D+

s π+π−

https://www.nature.com/
https://arxiv.org/pdf/2608.10826
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 -tagged  μ Ds1(2460)+/Ds1(2536)+ → D+
s π+π−
arXiv:2608.10826

• Baseline model same as in previous analysis of B → DDππ
•  A simultaneous amplitude analysis of  and Ds1(2460)+ Ds1(2536)+ → D+

s π+π−

Ds1(2460)+ → D+
s π+π−

D+
s1(2536)+ → D+

s π+π−

https://www.nature.com/
https://arxiv.org/pdf/2608.10826
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 -tagged  μ Ds1(2460)+/Ds1(2536)+ → D+
s π+π−
arXiv:2608.10826

•  Evidence of exotic contributions to the  channel with the pole below  threshold 
•  Favour scenarios of  decay containing a sizeable near-threshold  component 

consistent with a  molecular configuration
•  Less strong in  but still disfavour a single  amplitudes

D+
s π± DK

Ds1(2460)+ D+
s π

DK
Ds1(2536)+ ππ − S

(γ2 = 0)

https://www.nature.com/
https://arxiv.org/pdf/2608.10826
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Observation of D+
s1(2933)0 → D+K+π−
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arXiv: 2604.21257

•  Observe  from   (>10 )

•
•  preferred 

• Compatible with a conventional state , the first radial excitation 
of P-wave  system ( ), but mass lower than 
potential model predictions

D+
s1(2933)0 → D+K+π− B0 → D+D−K+π− σ

M = 2933+6
−5(stat.)+4

−3(syst.) MeV, Γ = 72+18
−12(stat.)+7

−10(syst.) MeV
Jp = 1+

Ds(2P(′￼)
1 )+

Ds Ds1(2460)+/Ds1(2536)+

signals
3264 ± 62

https://arxiv.org/abs/2604.21257
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Discovery of narrow beauty-strange state B*s0(5700)0
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LHCb-PAPER-2026-021 in preparation

•  Observation of   using Runs 1+2 data
•
• Mass ~ 130 MeV below quark model prediction

• Mass splitting , similar as in 

B*s (5700)0 → π0B0
s

M = 5698.9 ± 1.5 ± 0.6 ± 0.1 MeV, Γ < 9.8(11.8) MeV at 90(95) % CL

m(B0
s0(5700)0) − m(B0

s ) = 332 MeV
Ds0(2317)+

More in Liupan’s seminar tomorrow

https://arxiv.org/abs/2604.21257
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             Pentaquark studies at LHCb
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Science Bulletin 66 (2021) 1278] PRL 131 (2023) 031901

PRL 122 (2019) 222001PRL 115 (2015) 072001]
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• Most precise measurement of 

• Larger stats. needed for amplitude analysis

ℬ(Λ0
b → J/ψΞ−K+)

Search for more pentaquark

23

• First observation of Ξ0
b → J/ψΞ−π+

EPJC 85 (2025) 812 

𝑵 = 𝟏𝟎𝟕  𝟏𝟐± 𝑵 =
84  𝟏0±
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Search of pentaquark via open charm modes
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• Upper limits on 95% (90%) CLs:

•  

•
ℛ(Pcc̄s(4338)0) < 0.12 (0.10)
ℛ(Pcc̄s(4459)0) < 0.20 (0.17)

PRD112 (2025) 052013



 P. Li (UCAS) | 强子谱和强子结构研讨会 | 河南新乡｜2026.08

Search of hexaquark states
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• Evidence of  and 

• a significance of 3.9  

• no significant structure seen in 

Ξc(2923)+ Ξc(2939)+

σ
Λ+

c Λ̄−
c

PRD 114, (2026) 012012
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Very active analyses with Run 3 data
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Run 3 :    (3x than Runs 1+2)
Great potential for further understanding of these exotic states 

27.89 fb−1

Fully new detector with purely software-based trigger system
2~4x increase in efficiency of hadronic decays
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Summary
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• LHCb provides huge  collision samples for study of heavy exotic states 

• Charmonium-like states: 

• Radiative decays and search of new decays of  

• Observation and searches of various  states 

• Open-charm tetraquark states: further study of  and  decays 

• Continuous searches of pentaquark & hexaquark states 

• LHCb Run 3 collected 3x more data than Runs 1+2, providing great potential for 
further investigation of the various exotic states

pp

χc1(3872)

Tcc̄

Ds1(2460) Ds1(2536)

stay tuned!
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credit: Ivan Polyakov [arXiv:2410.06923]

Thank you for your attention!
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 Study of  Hb → D(*)D̄h(h)
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plot by Yanxi Zhang

PRL133(2024)131902

Sci.Bull. 70(2025)1432–1444

PRL131 (2023) 071901

PRL 125 (2020) 242001 
PRD 102 (2020) 112003

PRL 134 (2025) 101901
PRD 108 (2023) 012020

EPJC 84 (2024) 575

PRD 110 (2024) L031104

JHEP 07 (2024) 140

PRL126(2021)122002 

PRL 131 (2023) 041902

https://www.nature.com/
https://arxiv.org/abs/2406.03156
https://www.sciencedirect.com/science/article/pii/S2095927325001872?via=ihub
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Observation of D+
s1(2933)0 → D+K+π−
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arXiv: 2604.21257

https://arxiv.org/abs/2604.21257
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 -tagged  μ Ds1(2460)+/Ds1(2536)+ → D+
s π+π−
arXiv:2608.10826

https://www.nature.com/
https://arxiv.org/pdf/2608.10826
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  states at LHCbTcs
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PRL125(2020)242001 
PRD102(2020)112003

B+ → D+D−K+

T*cs0(2870)0

T*cs1(2900)0

PRD 110 (2024)034014 

https://www.nature.com/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.242001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.112003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.034014
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PRL125(2020)242001 
PRD102(2020)112003

PRL133(2024)131902

B+ → D+D−K+

T*cs0(2870)0

T*cs1(2900)0

B+ → D*+D−K+

T*̄cs̄0(2870)0 T*̄cs̄1(2900)0

PRD 110 (2024)034014 

https://www.nature.com/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.242001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.112003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.131902
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.034014
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Observation of T*cs0(2870)0 → D0K0
S
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B− → D−D0K0
S

PRL134(2025)101901

•   (5.3  significance)

•
•  preferred

• No evidence for isospin violation between  and 

T*cs0(2870)0 → D0K0
S σ

M = 2883 ± 11 ± 8 MeV/c2, Γ = 87+22
−47 ± 17 MeV

Jp = 0+

T*cs1(2900)0 → D0K0
S D+K−

(Nsig = 1540 ± 40)

https://doi.org/10.1103/PhysRevLett.134.101901

