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Hadrons @ LHCb

LHCb: a dedicated spectrometer to 𝑏 or 𝑐 hadrons

• excellent tracking and particle identification

• 9 fb−1 for Run1 (7-8 TeV) + Run2 (13 TeV) 

The structure and properties of hadrons from QCD remains a challenge, non-perturbative 

effects involved
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Observation of new baryons Ξ𝑐 2923 +

• Decay chain: Ξ𝑐
∗∗+ → Ξ𝑐 2645 0𝜋+, Ξ𝑐 2645 0 → Ξ𝑐

+𝜋−, Ξ𝑐
+ → 𝑝𝐾−𝜋+

• Observed a new excited Ξ𝑐 2923 + , as the isospin partner of Ξ𝑐 2923 0

• Observe new decay mode: Ξ𝑐 3080 + → Ξ𝑐 2645 0𝜋+

• Measured precisely the Ξ𝑐 2815 + and Ξ𝑐 2970 +

• natural width of Ξ𝑐 2970 + twice as Ξ𝑐 2965 0 state
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First determination of the JPof Ξ𝑐 3055 +(0)

Amplitude analysis separately for Ξb
0(−)

→ Ξc
∗∗+(0)

𝜋−, Ξc
∗∗+(0)

→ 𝐷+(0)Λ

• signal weights extracted from Ξb
0(−)

mass fit

• first observation of Ξb
0(−)

→ Ξ𝑐 3055 +(0)𝜋− in pp collisions
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First determination of the JPof Ξ𝑐 3055 +(0)

Best fit combination gives Ξ𝑐 3055 +(0) JP = 3/2+ with significance 6.5σ (3.5σ)

• Measured mass and width agree with PDG value

• first time measured up-down asymmetries for Ξb
0(−)

→ Ξ𝑐 3055 +(0)𝜋−, 𝛼 =

− 0.92 ± 0.10 ± 0.05 (−0.92 ± 0.16 ± 0.22), 
consistent with maximal parity violation

• Significance of Ξ𝑐 3080 +(0) 4.4σ (3.6σ)
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Observation of new decay Ξ𝑐𝑐
++ → Ξ𝑐

0𝜋+𝜋−

Observed ~ 80 signals for Ξ𝑐𝑐
++ → Ξ𝑐

0𝜋+𝜋− with significance of  >10𝜎

• measured Ξ𝑐𝑐
++ mass agree with known value

• no significant narrow Ξ𝑐
+ found in Ξ𝑐

0𝜋+ spectrum

• branching ratio set related to Ξ𝑐𝑐
++ → Λ𝑐

+𝐾−𝜋+𝜋−
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Observation of muonic Dalitz decays of 𝜒𝑏 meson

First observation of the 𝜒𝑏1(1P), 𝜒𝑏2(1P), 𝜒𝑏1 2P and 𝜒𝑏2(2P) muonic Dalitz decays

• significance >5𝜎 for all states

• Most precise measurements of 𝜒𝑏1(1P)

7

JHEP 10 (2024) 122



Radiative decay of 𝜒𝑐1(3872)

First observed 𝜒𝑐1 3872 → 𝜓 2S 𝛾 via study of 𝐵+ → 𝜓 2S 𝛾𝐾+, with significance of 

4.8𝜎 (6.0 𝜎) for Run1 (Run2)

• 2D fit simultaneously to extract 𝐵+ and 𝜒𝑐1 3872

• signal and background shapes studied in simulation

• Relative BF :
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Radiative decay of 𝜒𝑐1(3872)
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• The large measured 𝑅 value are more inclined to 

the theoretical predictions of compact 

charmonium or tetraquark component

• Pure 𝐷ഥ𝐷∗ molecular hypothesis is questionable, 

but small admixture of cതc component is sufficient 

to explain the data
i.e. PhysLettB 2015 0213

i.e. PhysRevD 75,014005



Search for 𝐵𝑐
+ → 𝜒𝑐1 3872 𝜋+

Production cross-sections of 𝜒𝑐1 3872 measurement from ATLAS indicates the short-

lived contribution arise from the decays of 𝐵𝑐
+

LHCb search for 𝐵𝑐
+ → 𝜒𝑐1 3872 𝜋+ with full Run1+2 data

• no significant signal is observed, upper limit set related to 𝐵𝑐
+ → 𝜓 2S 𝜋+
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Confirmation of Tcs
∗ in 𝐵+ → 𝐷∗+𝐷−𝐾+

The first open-charm tetraquarks Tcs0
∗ 2870 0 and Tcs1

∗ 2900 0 observed in 𝐵+ →

𝐷+𝐷−𝐾+ , confirmed in 𝐵+ → 𝐷∗+𝐷−𝐾+
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Open-charm tetraquark in 𝐵− → 𝐷−𝐷0𝐾S
0

Observation of Tcs0
∗ 2870 0 → 𝐷0𝐾S

0 in 𝐵− → 𝐷−𝐷0𝐾S
0 amplitude analysis 

• Tcs0
∗ 2870 0 with JP = 0+ observed in 𝐷0𝐾S

0 final state, with significance of 5.3𝜎

• consistent with Tcs0
∗ 2870 0 in 𝐵− → 𝐷−𝐷+𝐾− analysis

• isospin symmetry

• No evidence of Tcs1
∗ 2900 0 → 𝐷0𝐾S

0 found

• isospin violation
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Conclusion and prospects 

• LHCb is very active in the field of hadron state research, fast collected:

• new excited baryons

• amplitude analysis for exotic states

• new decay modes for hadrons

• Lots of excellent Run3 data already!
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party is going on…
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