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Searching for hidden-charmed tetraquarks at LHCb

• Via charmonia (𝑐 ҧ𝑐) + light hadron/photon in B hadron decays or prompt 

production.

• E.g. 𝐵+ → 𝐽/𝜓𝜙𝐾+ , 𝐵0 → 𝐽/𝜓𝜙𝐾𝑠
0,…

• The radiative decays of 𝜒𝑐1 3872 in 𝐵+ → 𝜒𝑐1 3872 𝐾+

• Amplitude analysis of 𝐵+ → 𝜓 2𝑆 𝐾+𝜋+𝜋− decay

• Study of exotic 𝐽/𝜓𝜙 resonances in CEP process

• Via 𝐵 to 𝐷 𝑠
∗ ഥ𝐷 𝑠

(∗)
ℎ(ℎ′) decays

• Hidden-charmed tetraquark in 𝐷 𝑠
∗ ഥ𝐷 𝑠

(∗)
system

• Also available for searching open-charmed tetraquarks and excited convectional charmed 

mesons in ഥ𝐷 𝑠
(∗)
ℎ systems

➔ See tomorrow’s talk《LHCb上𝑩 → 𝑫𝑫𝒉衰变的研究》by 朱琳萱

Recent results

included in this talk!
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The radiative decays of 𝜒𝑐1 3872 in 𝐵+ → 𝜒𝑐1 3872 𝐾+

• The radiative decay of X(3872) provides an approach for distinguishing different 

interpretations of its nature.
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1st observation of 𝜒𝑐1 3872 → 𝜓 2𝑆 𝛾

JHEP 11 (2024) 121



The radiative decays of 𝜒𝑐1 3872 in 𝐵+ → 𝜒𝑐1 3872 𝐾+

• The radiative decay of X(3872) provides an approach for distinguishing different 

interpretations of its nature.

• Measurement of the ratio 

• ℛ𝜓𝛾 =
ℬ 𝐵+→(𝜒𝑐1 3872 →𝜓 2𝑆 𝛾 𝐾+)

ℬ 𝐵+→(𝜒𝑐1 3872 →𝐽/𝜓𝛾 𝐾+)
=

Γ 𝜒𝑐1 3872 →𝜓 2𝑆 𝛾

Γ(𝜒𝑐1 3872 →𝐽/𝜓𝛾)
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ℛRun 1 = 2.50 ± 0.52−0.23
+0.20 ± 0.06

ℛRun 2 =  1.49 ± 0.23−0.12
+0.13 ± 0.03

ℛCombined = 1.67 ± 0.21 ± 0.12 ± 0.04

Strongly suggest that X(3872) is not a pure 𝐷ഥ𝐷∗ molecule.

Contributions from compact component and/or mixture are nonnegligible

JHEP 11 (2024) 121



Amplitude analysis of 𝐵+ → 𝜓 2𝑆 𝐾+𝜋+𝜋− decay

• 7D amplitude analysis, using a model-building algorithm to iteratively add contributions to the total amplitude.

• More than 30k 𝐵+ → 𝜓 2𝑆 𝐾+𝜋+𝜋− decays are observed with > 97% signal purity.
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8 known excited K′ → Kππ

3 known excited ψ* → ψ (2S )ππ

No exotic states

6 known excited K′ → Kππ

1 known excited ψ* → ψ (2S )ππ
8 “known” → 𝜓 (2𝑆 )𝜋𝜋, 𝜓 (2𝑆 )𝜋 or 𝜓 (2𝑆 )𝐾

6 known excited K′ → Kππ

1 known excited ψ* → ψ (2S )ππ

8 “known” → 𝜓 (2𝑆 )𝜋𝜋, 𝜓 (2𝑆 )𝜋 or 𝜓 (2𝑆 )𝐾

+ 3 new exotic states

𝑇𝑐 ҧ𝑐 ҧ𝑠1 4600
0 → 𝜓 2𝑆 𝐾𝜋

𝑇𝑐 ҧ𝑐 ҧ𝑠1 4900
0 → 𝜓 2𝑆 𝐾𝜋

𝑇𝑐 ҧ𝑐 ҧ𝑠1
∗ 5200 0 → 𝜓 2𝑆 𝐾𝜋(maybe)

JHEP 01 (2025) 054



Amplitude analysis of 𝐵+ → 𝜓 2𝑆 𝐾+𝜋+𝜋− decay
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• Interpretation of results is not straightforward:

• Four 𝑋0/𝜒𝑐0 → 𝜓 2𝑆 𝜋+𝜋− are identified and the shows some similarities to previously 

observed 𝐽/𝜓𝜙 resonances

• In 𝜓 2𝑆 𝜋± system, 𝑇𝑐 ҧ𝑐1 4430 ± is confirmed, 𝐽𝑃 of 𝑇𝑐 ҧ𝑐1 4200 ±is determined to be 1+

• Cascade exotics decays 𝑋0 → 𝑇𝑐 ҧ𝑐1
± 𝜋∓ observed 

• Hidden-charm exotics with minimal quark content 𝑐 ҧ𝑐 ҧ𝑠𝑑 : 𝑇𝑐 ҧ𝑐 ҧ𝑠1 4600/4900 0 → 𝜓 2𝑆 𝐾+𝜋−, 

may be the  radial excitations of 𝑇𝑐 ҧ𝑐 ҧ𝑠 4000
0 in 𝐵0 → 𝐽/𝜓𝐾𝑠

0 𝜙

Stat only

JHEP 01 (2025) 054



Study of exotic 𝐽/𝜓𝜙 resonances in CEP process

• CEP (central exclusive production) in pp collisions: 𝑝𝑝 → 𝑝 + 𝑋 + 𝑝

7

Elastic CEP Inelastic CEP

• Low-activity

• Specific kinematics 

HeRSCheL (high-rapidity shower counters for LHCb)

→ Extend LHCb’s sensitivity to 5 < 𝜂 < 10

Lower background



Study of exotic 𝐽/𝜓𝜙 resonances in CEP process

• Clean 𝐽/𝜓 and 𝜙 peaks: 2D fit on 𝑚 𝜇𝜇 ,𝑚(𝐾𝐾)

• Background lineshape: determined by dataset with inverted offline multiplicity requirement 
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nVELOTracks>4

Purity ~ 93%

PRL 134 (2025) 3, 031902



Study of exotic 𝐽/𝜓𝜙 resonances in CEP process

• Mass spectrum
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• Significance:

• 𝜒𝑐1(4140): 2.4

• 𝜒𝑐1 4274 : 4.7

• 𝜒𝑐0(4500): 5.5

• 𝜒𝑐1(4685)+𝜒𝑐0(4700):1.6

• Mass and width for peaks with a significance>3𝜎
are measured:

• Cross-sections:

PRL 127 (2021) 082001

PRL 134 (2025) 3, 031902



Summary

• First observation of the radiative decay 𝜒𝑐1(3872) → 𝜓(2𝑆)𝛾 with significance 6

→𝜒𝑐1(3872) has (at least some) compact component ?

• New tetraquarks found in 𝐵+ → 𝜓 2𝑆 𝐾+𝜋+𝜋− partial wave analysis

• → 1+𝑇𝑐 ҧ𝑐 ҧ𝑠1 4600/4900 0 → 𝜓 2𝑆 𝐾+𝜋−, may be the  radial excitations of 𝑇𝑐 ҧ𝑐 ҧ𝑠 4000
0 in 𝐵0 →

𝐽/𝜓𝐾𝑠
0 𝜙

• First observation of exotics (in 𝐽/𝜓𝜙) in CEP data @ LHC!

• May be a new experimental opportunities to study hadron spectroscopy

• LHCb Run3 will open more opportunities for exotic studies including the hidden-

charmed tetraquarks.
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Thanks!
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