
Recent spectroscopy measurements

Jibo HE (University of Chinese Academy of Sciences)
QCD@LHC 2026, Oxford 



Outline
• Introduction
• Mesons: 𝐷!", 𝐵!" , 𝐵#  
• Baryons: (Doubly) charmed baryon
• 𝑋(6900) family
• 𝑋(2317)
• Summary

2

More on Thursday: 



Introduction
• Particle zoo v1	⟹ Quark model; Particle zoo v2?
• Exprimental measurements required to determine the nature 

of particles & calibrate LQCD
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Introduction
• Today’s discovery, tomorrow’s precision tool
– 𝐵!"∗$ state, used to tag 𝐵%, 𝐸&'(( reconstruction
– 𝜒) 3𝑃 ;  𝛶 3𝑆  NOT free from feed-down
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[PRL 110 (2013) 151803]𝐵!"∗$ → 𝐵%𝐾&

[JHEP 06 (2020) 129]

𝐵!"∗$ → 𝐵%(→ 𝐾%𝜇&𝜏%)𝐾&

[PRL 108 (2012) 152001] 

[EJPC 74 (2014) 3092]



Recent main players
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𝐷01∗ 2317 3

• Observed in 𝑚(𝐷!$𝜋%) by Babar in 2003, nature still unclear
• 𝐷!%∗ 2317 $ → 𝐷!∗$𝛾 observed by Belle+Belle II
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[PRL 90 (2003) 242001]

[PRL 136 (2026) 241901]

𝑅 =
ℬ 𝐷!"∗ 2317 $ → 𝐷!∗$𝛾
ℬ(𝐷!"∗ 2317 $ → 𝐷!$𝜋")

	 = 7.13 ± 0.70 ± 0.26 %
in between predictions for 𝑐𝑠̅ or 
molecular states, a mixture?

𝐷!" → 𝐾"𝐾#𝜋"

𝐷!" → 𝐾"𝐾#𝜋"𝜋$

(𝑐𝑠̅)?



Study of 𝐷08 2460 3 → 𝐷03𝜋3𝜋9 
• Simultaneous amplitude analysis in 𝐵 → :𝐷(∗)𝐷!$𝜋$𝜋) decays
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Good description, but 𝑓$ 980 , 𝑓"(1270) 
unexpectedly large 

𝑇' ̅!
%% → 𝐷!%𝜋%, 𝑇' ̅!

$ → 𝐷!%𝜋& 
introducted, 𝐽) = 0% favored 

Clear double peak structure in 𝑚(𝜋%𝜋&), indicating 𝐷∗𝐾 component



𝐷08 2460 3 & 𝐷08 2536 3

• 𝐵 → 𝐷!$𝜋$𝜋)𝜇𝑋
– Significantly different Dalitz-plot, 

different internal structure 

8

[a
rX

iv
:2

60
8.

10
82

6]

Evidence of 𝑇7 ̅8 states as just discussed:
𝑀 = 2333 ± 9 ± 11 MeV
Γ = 68 ± 12 ± 14 MeV



𝐷08 2933 3

• Observed by LHCb in 𝐵% → 𝐷)𝐷$𝐾$𝜋)
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Breit-Wigner mass and width:
𝑀 = 2933&*%+ stat &,%- syst MeV
Γ = 72&."%./ stat &.$% 0 syst MeV
𝐽) = 1%

A candidate of 𝐷! 2𝑃.
1 %

[R.-H. Ni et al., arXiv:2605.17832]

“Masses significantly shifted down by the coupled-channel effects" 

(𝑐𝑠̅)
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𝐵01∗ 5700 1

• Observed by LHCb in 𝑚 𝐵!%𝜋%  w/ 𝐵!% → 𝐷!) 3 𝜋$, 𝐽/𝜓𝜙 
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𝑀 = 5698.9 ± 1.5 ± 0.6	MeV
Γ < 9.8 11.8 	MeV at 90% (95%) CL

(𝑏𝑠̅)?
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Meson, molecular? Beauty counterpart of 𝐷!$∗ 2317 %



ππ ππ

γ

𝐵A family
• Production
• Spectrum
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[C.-H. Chang, et al., PRD 71 (2005) 074012] 

[S.Godfrey, PRD 70 (2004) 054017]

(3𝑏𝑐)



𝐵A
∗ 2𝑆 3

• Mixture (?) by ATLAS, then both states by CMS & LHCb, 
using 𝐵#$ → 𝐽/𝜓𝜋$
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[PRL 113 (2014) 212004]

[PRL 122 (2019) 132001]

[PRL 122 (2019) 232001]



𝐵A 1𝑃 3

• Observed by LHCb w/ calorimeter photon
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𝑅 = ⁄	𝜎A! BC " 𝜎A!" = 0.20 ± 0.03 ± 0.03
[PRL 135 (2025) 231902] [PRD 112 (2025) 112003]

[C.-H. Chang, et al., PRD 71 (2005) 074012] 



𝐵A∗3
• Using 𝐵#$ → 𝐽/𝜓𝜇$𝜈*𝑋, converted 𝛾 

14

𝑀 𝐵D∗F −𝑀 𝐵DF = 64.5 ± 1.4GB.IFB.J	MeV
𝑀 𝐵D∗F = 6339.0 ± 1.4GB.KJFB.LJ ± 0.3 𝑀A!" 	MeV

[arXiv:2605.16228]

* 𝜒) 𝐵 /ndf, Kaon mass hyperthesis, 𝐽/𝜓 and 𝐵$ mass constraints, and PV constraint



𝛯A spectrum
• New 𝛯#  states appearing, e.g., 𝛯# 2923 $ 
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[EPJC 78 (2018) 252]

[PRL 124 (2020) 222001]

[PRL 132 (2025) 161901]

consistent with 𝛯' 2923 $ partner

resolved to two states? 

(𝑢𝑠𝑐)



𝛴A spectrum
• Mostly unexplored. 𝛴# 2800 %, mass by Belle and Babar?
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𝑚 𝛴* 2800 " = 2802+,$- MeV

𝑚 𝛴* 2800 " = 2846 ± 8 ± 10 MeV

[PRD 78 (2008) 112003][PRL 94 (2005) 122002]

(𝑑𝑑𝑐)



𝛴A spectrum
• First amplitude analysis of 𝐵) → 𝛬#$𝑝̅𝜋) in a subregion. Two 

solutions found, w/ two new states 𝛴# 2900 %, 𝛴# 3200 %
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𝛴' 2800 $ by Babar resolved into two states
𝛴' 2800 $	from group-A consistent with the state by Belle

(𝑑𝑑𝑐)
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Doubly charmed baryon
• Mass
–𝑀 𝛯66 : 3.5-3.7 GeV; 𝑀(𝛺66% ): +0.1-0.2 GeV 

• Production at LHC 
– 𝜎 𝛯66 ≈ 40	nb @ 13	TeV

• Lifetime
– 𝜏(𝛯66%%) > 𝜏 𝛺66% > 𝜏(𝛯66% )

• Decays
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[C.H. Chang et al., PRD 73 (2006) 094022]

[e.g., S. Fleck, J.M. Richard, Prog. Theor. Phys. 82 (1989) 760]

[e.g., F.-S. Yu et al., CPC 42 (2018) 051001]

[e.g., V.V. Kiselev et al., PRD 60 (1999) 014007]

(𝑐𝑐𝑞)



𝛯AA3  @ SELEX
• SELEX claimed 𝛯##$ → 𝛬#$𝐾)𝜋$ (6.3σ) 
–𝑀: 3519±1 MeV
– 𝜏: <33 fs @90%CL
– 𝜎prod: 20% 𝛬6% from 𝛯66%

• 𝛯##$ → 𝑝𝐷$𝐾)

• Not confirmed by 
    FOCUS, Babar, Belle, 
    & LHCb
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[PRL 89 (2002) 112001]

[PLB 628 (2005) 18] 

Wrong-sign

(𝑐𝑐𝑑)



𝛯AA33 observation
• 𝛬#$𝐾)𝜋$𝜋$ identified as the most promising channel
• First observation, in 2016 (>12σ) & Run 1 (>7σ) 
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313±33
113±21

Weakly decay!

𝑀 𝛯DDFF = 3621.40 ± 0.72 ± 0.27 ± 0.14	(𝛬DF)	MeV

[F.-S. Yu et al., CPC 42 (2018) 051001]

(𝑐𝑐𝑢)



𝛯AA33 lifetime
• Measured wrt 𝛬+% → 𝛬#$3𝜋, 𝜏 𝛯##$$ = 256),,$,- ± 14 fs

• Input to theoretical predictions, e.g.,  
– 𝜏 𝛯66% ≈ 45 fs
– 𝜏 𝛺66% ≈ 160 fs
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[H.-Y. Cheng, Y.-L. Shi, PRD 98 (2018) 113005]
[L. Dulibic et al., JHEP 07 (2023) 061]

which are used in the searches for 𝛯DDF  and 𝛺DDF  



𝛯AA33 production
• Relative to 𝛬#$, in 4 < 𝑝. < 15 GeV, 2 < 𝑦 < 4.5
• Accompanying ̅𝑐 ̅𝑐 dominates in trigger

𝜎 𝛯!!""

𝜎 𝛬!"
ℬ 𝛯!!"" → 𝛬!"𝐾#𝜋"𝜋" = 2.22 ± 0.27 ± 0.29 ×10#$
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116±23 210±29

TOS exTIS

SELEX, 20% 𝛬DF from 𝛯DDF ?
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𝛯AA33 in 2024
• Efficiency increased by a factor of 4, compared with 

Run 2, thanks to the removal of the hardware trigger
• Mass consistent with Run 2,
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1598±648712±160

𝑀 𝛯66%% = 3621.74 ± 0.10	MeV
c.f., 3621.55 ± 0.23 ± 0.30	MeV
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[JHEP 02 (2020) 049]



𝛯AA3  in 2024
• First new particle observed w/ the upgraded LHCb detector
– Efficiency increased by a factor of 2.5, compared w/ Run 2
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915±120 304±80
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2] 𝑀 𝛯DDF = 3619.97 ± 0. 83 ± 0.26GB.KJFB.LJ	MeV
𝑀 𝛯DDF −𝑀 𝛯DDFF = −1.77 ± 0. 84 ± 0.25GB.KJFB.LJ	MeV QED wins the competition with QCD!



𝛺AA3  in 2024
• First observation using 𝛺#%𝜋$, w/ 𝛺#% → 𝑝𝐾)𝐾)𝜋$
– Efficiency increased by a factor of 8, compared w/ Run 2!
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184±24 20±7

𝑀 𝛺DDF = 3725.9 ± 1.0 ± 0.2 ± 0.4 𝜏 ± 0.6	(ext)	MeV

[JHEP 09 (2025) 157]

(𝑐𝑐𝑠)



𝑋(6900)
• 𝑋(6900) observed by LHCb, ATLAS and CMS; 𝑋(6600) by CMS
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[Sci. Bull. 65 (2020) 1983] [PRL 131 (2023) 151902] [PRL 132 (2024) 111901]

(𝑐𝑐 ̅𝑐 ̅𝑐)



𝑋(6900) family
• Establishing w/ more data & decay
– All states and dips above 5𝜎
– Interferences among structures, 

implying same 𝐽89  
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[PRD 113 (2026) 112015]

[PRL 132 (2024) 111901]

[arXiv:2602.02252]

Regge trajectory



𝐽ST
• 2$$ favoured, assuming the three states 

share the same quantum numbers
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[Nature 648 (2025) 58]



Structure in 𝑚(𝛶(1𝑆)𝜙)
• Observed by CMS, w/ mass

– consistent w/ 𝜒): 3𝑃 . No clear signal of 𝜒)" 3𝑃 , exotic contribution?
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10512.60 ± 0.21 (stat) ± 0.20 (syst) ±	0.11 𝑀' MeV
c.f. 𝑀 𝜒() 3𝑃 = 10513.42 ± 0.41 (stat) ± 0.18 (syst) MeV

w/ Υ 2𝑆 → Υ 1𝑆 𝜋"𝜋# veto 

[PRL 121 (2018) 092002][CMS-PAS-BPH-25-009]

(𝑏3𝑏)?



𝑋(2370), a glueball candidate  
• Observed by BES-III in 𝐽/𝜓 → 𝛾𝜋$𝜋)𝜂/ in 2011, confirmed by 

BES-III with more data & in 𝐽/𝜓 → 𝛾𝐾:𝐾𝜂/

• 𝐽01 	determined to be 0)$ with 𝐽/𝜓 → 𝛾𝐾2%𝐾2%𝜂/ in 2024
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[PRL 132 (2024) 181901][PRL 106 (2011) 072002]



𝑋(2370), new decay modes
• 𝐾2%𝐾2%𝜋%, 𝜋%𝜋%𝜂, 𝑎% 980 𝜋% observed by BES-III
• 𝑀 = 2359)3-$34 MeV, Γ = 170),5$-- MeV

31

[Chin. Phys. C 50 (2026)  101001]



𝑋(2370), a flavor-singlet
• Non-observation of 𝑋 2370 → 𝐾∗ 892 :𝐾
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[arXiv:2607.20366]



Summary
• Great progess on the spectroscopy in the past years, leading to 

a more complete & consistent picture
– 𝐷!$∗ 2317 %, 𝐷!: 2460 %, 𝐷!: 2536 %, 𝐷!: 2933 %: 𝑐𝑠̅ + 𝐷(∗)𝐾?
– 𝐵!$∗ 5700 $, beauty counterpart of 𝐷!$∗ 2317 %

– 𝐵6
(∗) 2S %, 𝐵6 1𝑃 %, 𝐵6∗%	

– 𝛯66% , 𝛺66%

– 𝑋 6900 , 𝑋 6600 , 𝑋 7100
– 𝑋(2370), a glueball condidate

• More will come, stay tuned
33


