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Mesonic exotic

⚫ 66 new hadrons observed at LHCb!
➢ 15 mesonic exotic candidates.

➢ 5 baryonic exotic candidates.4

Exotic baryon- & meson-like states at LHCb

By Daniel Johnson @ ICHEP 2020 Now
➢ The existence of mesonic exotic state has been 

discussed since 19641.

➢ Many mesonic exotic states are observed in the past 

two decades.

➢ A series of theoretical models are established to 

describe these states.

https://www.nikhef.nl/~pkoppenb/particles.html
https://arxiv.org/abs/2206.15233
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Mesonic exotic

⚫ Hidden-charm mesonic exotic states:

➢ 𝐵+ → 𝐽/𝜓𝜙𝐾+

• 𝒄ത𝒄𝒖ത𝒔: 𝑍𝑐𝑠 4000
+, 𝑍𝑐𝑠 4220

+

• 𝒄ത𝒄𝒔ത𝒔: 𝑋(4630), 𝑋(4685)

➢ 𝐵+ → 𝐾+𝜋+𝜋−𝐽/𝜓

• 𝜒𝑐1 3872 → 𝜔𝐽/𝜓

➢ 𝐵+ → 𝐷𝑠
+𝐷𝑠

−𝐾+

• 𝒄ത𝒄𝒔ത𝒔: 𝑋(3960)

⚫ Open-charm mesonic exotic states:

➢ 𝐵+ → 𝐷+𝐷−𝐾+

• 𝒄𝒔ഥ𝒖ഥ𝒅: 𝑋0 2900 0, 𝑋1 2900 0

➢ Inclusive 𝐷0𝐷0𝜋+

• 𝒄𝒄ഥ𝒖ഥ𝒅: 𝑇𝑐𝑐
+

➢ 𝐵0 → ഥ𝐷0𝐷𝑠
+𝜋− & 𝐵+ → 𝐷−𝐷𝑠

+𝜋+

• 𝒄ത𝒔𝒖ഥ𝒅: 𝑇𝑐 ҧ𝑠0
𝑎 2900 ++

• 𝒄ത𝒔ഥ𝒖𝒅: 𝑇𝑐 ҧ𝑠0
𝑎 2900 0

Phys. Rev. Lett. 127, 082001

LHCb Preliminary

Phys. Rev. Lett. 125.242001

Phys. Rev. D102.112003

Nat. Phys. (2022)

Nat. Commun. 13, 3351

LHCb Preliminary

arXiv 2204.12597

𝒁𝒄𝒔 𝟒𝟎𝟎𝟎
+

𝑻𝒄𝒄
+𝑿𝟎,𝟏(𝟐𝟗𝟎𝟎)



𝑩+ → 𝑲+𝝅+𝝅−𝑱/𝝍
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Mesonic exotic

arXiv 2204.12597

Phys. Rev. Lett. 91.262001

⚫ Observation of sizeable 𝝎 contribution to 𝝌𝒄𝟏 (𝟑𝟖𝟕𝟐) → 𝝅+ 𝝅− 𝑱/𝝍 decay

𝑵𝒔𝒊𝒈 = 𝟑𝟓. 𝟕 ± 𝟔. 𝟖

𝑵𝒔𝒊𝒈 = 𝟔𝟕𝟖𝟖 ± 𝟏𝟏𝟕

➢ The 𝝆𝟎𝑱/𝝍 process is suggested to explain the 𝑚𝜋+𝜋− distributions in 𝝌𝒄𝟏 𝟑𝟖𝟕𝟐 → 𝝅+𝝅−𝑱/𝝍 decay.

➢ 𝜒𝑐1 3872 → 𝜌0𝐽/𝜓 is isospin violating decay. Should be highly suppressed in charmonium decays.

➢ Search for the isospin conserving 𝝌𝒄𝟏 𝟑𝟖𝟕𝟐 → 𝝎𝑱/𝝍 decay in 𝝌𝒄𝟏 𝟑𝟖𝟕𝟐 → 𝝅+𝝅−𝑱/𝝍 process.

× 𝟏𝟗𝟎

𝟏𝟗 𝒚𝒆𝒂𝒓𝒔

◆ Study the 𝑚𝜋+𝜋− distributions in 𝑩+ → 𝑲+𝝌𝒄𝟏(𝟑𝟖𝟕𝟐), 𝝌𝒄𝟏 𝟑𝟖𝟕𝟐 → 𝝅+𝝅−𝑱/𝝍 decays with large statistic.
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Mesonic exotic

⚫ Observation of sizeable 𝝎 contribution to 𝝌𝒄𝟏 (𝟑𝟖𝟕𝟐) → 𝝅+ 𝝅− 𝑱/𝝍 decay

◆ The 𝑚𝜋+𝜋− distributions cannot be described by 𝜌0 component.

◆ Well described by a two channel 𝐾-matrix model, including both 𝜌0

and 𝜔 contribution!

𝜒2/𝑛𝑑𝑓 = 366.6/34 𝜒2/𝑛𝑑𝑓 = 24.7/32

✓ The 𝝎 contribution:

✓ 𝟐𝟏. 𝟒 ± 𝟐. 𝟑 ± 𝟐. 𝟎 % of the total rate.

✓ 𝟏. 𝟗 ± 𝟎. 𝟒 ± 𝟎. 𝟑 % when excluding interference effects.

✓ The limit phase space impact the coupling constants.

✓ By setting 𝑚𝜒𝑐1(3872) = 4000 MeV:

✓ A factor of six larger than expected for a pure charmonium state! (0.045 ± 0.001 for 𝜓(2𝑆)) 

arXiv 2204.12597
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Mesonic exotic

⚫ First observation of a doubly charged tetraquark and its neutral partner. LHCb Preliminary

➢ The evidence of 𝑋 5568 (𝐵𝑠
0𝜋+)* and observation of 𝑋0,1(2900)(𝐷

+𝐾−) motivates the search for the 𝐷𝑠
+𝜋± states.

➢ 𝐷𝑠0
∗ 2317 +(𝐷𝑠

+𝜋0) is thought to have some tetraquark component in several theoretical descriptions.  

◆ 𝑩𝟎 → ഥ𝑫𝟎𝑫𝒔
+𝝅− & 𝑩+ → 𝑫−𝑫𝒔

+𝝅+ @ LHCb

✓ 4420 𝐵0 → ഥ𝐷0𝐷𝑠
+𝜋− candidates, purity 90.7%.

✓ 3940 𝐵+ → 𝐷−𝐷𝑠
+𝜋+ candidates, purity 95.2%.

✓ A faint horizontal band at the 𝐷𝑠𝜋 mass square around  8.5 GeV2

Feynman diagrams

✓ Similar features in the Feynman diagrams and Dalitz plots

✓ Simultaneous amplitude analysis!

𝐷2
∗ 2460 − ഥ𝐷2

∗ 2460 0

𝑚 ഥ𝐷0𝜋− > 2050 MeV

Veto 𝐵0 → 𝐷∗−𝐷𝑠
+

𝑩𝟎 → ഥ𝑫𝟎𝑫𝒔
+𝝅− 𝑩+ → 𝑫−𝑫𝒔

+𝝅+

New state?

𝑩𝟎 → ഥ𝑫𝟎𝑫𝒔
+𝝅− & 𝑩+ → 𝑫−𝑫𝒔

+𝝅+

Preliminary Preliminary

*Has not been confirmed by other experiments.
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Mesonic exotic

⚫ First observation of a doubly charged tetraquark and its neutral partner.

◆ Fit strategy – simultaneous fit

◆ Include all the 𝐷∗ and 𝐷∗∗ states with natural spin-parity.

◆ ഥ𝐷𝜋 S-wave component: QMI spline points.*

◆ All parameters, except ഥ𝐷∗ 2007 0 and 𝐷∗ 2010 − are shared.

*11 spline points at [1.9, 2.0, 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.9, 3.4] GeV

✓ Fit result

✓ 𝑚 ഥ𝐷𝜋 and 𝑚(ഥ𝐷𝐷𝑠
+) well described.

✓ Peaking structures near 𝒎 𝑫𝒔
+𝝅 = 𝟐. 𝟗 GeV !

✓ Further ഥ𝐷∗∗ disfavored.

LHCb Preliminary

𝑩𝟎 → ഥ𝑫𝟎𝑫𝒔
+𝝅− & 𝑩+ → 𝑫−𝑫𝒔

+𝝅+

Preliminary

Preliminary

Preliminary

Preliminary Preliminary

Preliminary
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⚫ First observation of a doubly charged tetraquark and its neutral partner.

◆ Two 𝑫𝒔
+𝝅 exotic states with shared parameters are added.

✓ 𝐽𝑃 up to 3+ are tested, 𝟎+ produces the best likelihood.

✓ Significance greater that 𝟗𝝈.

✓ Mass and width are measured:

✓Named* as 𝑻𝒄ത𝒔𝟎
𝒂 𝟐𝟗𝟎𝟎 𝟎 (𝐷𝑠

+𝜋−) and 𝑻𝒄ത𝒔𝟎
𝒂 𝟐𝟗𝟎𝟎 ++ (𝐷𝑠

+𝜋+)

LHCb Preliminary

𝑩𝟎 → ഥ𝑫𝟎𝑫𝒔
+𝝅− & 𝑩+ → 𝑫−𝑫𝒔

+𝝅+

Preliminary Preliminary

* Exotic hadron naming convention: https://arxiv.org/abs/2206.15233

https://arxiv.org/abs/2206.15233
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Mesonic exotic

⚫ First observation of a doubly charged tetraquark and its neutral partner.

◆Spin test

✓ Spin-parity favored 0+ over 1− with a 

significance about 7.6𝜎.

◆Argand diagram

✓ Replace the BW of 𝑇𝑐 ҧ𝑠0
𝑎 with spline points.

✓ Lineshape consistent.

LHCb Preliminary

𝑩𝟎 → ഥ𝑫𝟎𝑫𝒔
+𝝅− & 𝑩+ → 𝑫−𝑫𝒔

+𝝅+

Preliminary
Preliminary
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Mesonic exotic

⚫ First observation of a doubly charged tetraquark and its neutral partner.

✓ First observation of a doubly charged mesonic exotic state, together with its neutral partner.

✓ Belong to the same isospin triplet.

✓ Spin-parity: 𝟎+

✓ Minimum quark content: 𝑻𝒄ത𝒔𝟎
𝒂 𝟐𝟗𝟎𝟎 ++: [𝒄ത𝒔𝒖ഥ𝒅]; 𝑻𝒄ത𝒔𝟎

𝒂 𝟐𝟗𝟎𝟎 𝟎: [𝒄ത𝒔ഥ𝒖𝒅]

✓ Similar mass with 𝑿𝟎(𝟐𝟗𝟎𝟎) (𝒄𝒔ഥ𝒖ഥ𝒅), but width and flavor contents are different.

LHCb Preliminary

◆Separate 𝑻𝒄ത𝒔𝟎
𝒂 parameters

✓ −lnℒ improved by 2.8, with 4 free parameters added.

✓ Masses and widths are consistent with each other.

✓ Isospin triplet!

Mass (GeV) Width (GeV) Significance

𝑻𝒄ത𝒔𝟎
𝒂 𝟐𝟗𝟎𝟎 𝟎 2.892 ± 0.014 ± 0.015 0.119 ± 0.026 ± 0.012 𝟖. 𝟎𝝈

𝑻𝒄ത𝒔𝟎
𝒂 𝟐𝟗𝟎𝟎 ++ 2.921 ± 0.017 ± 0.019 0.137 ± 0.032 ± 0.014 𝟔. 𝟓𝝈

𝑩𝟎 → ഥ𝑫𝟎𝑫𝒔
+𝝅− & 𝑩+ → 𝑫−𝑫𝒔

+𝝅+
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Mesonic exotic

LHCb Preliminary⚫ Observation of a resonant structure near the 𝑫𝒔
+𝑫𝒔

− threshold

➢ Theoretical studies suggest that the 𝝌𝒄𝟎(𝟑𝟗𝟑𝟎) may be dominated by 𝒄ത𝒄𝒔ത𝒔 constituents.

➢ Search for 𝑫𝒔
+𝑫𝒔

− resonance near mass threshold.

◆ 360 signal yields, Clear band near 𝐷𝑠
+𝐷𝑠

− mass threshold.

◆ All possible charmonium and 𝐷∗∗ resonances are tested.

◆ No significant 𝐷𝑠𝐾 state (> 3𝜎).

◆ Baseline model: 1−− 𝝍 𝟒𝟐𝟔𝟎 , 𝝍 𝟒𝟔𝟔𝟎 states, a non-resonant 

component, and 𝟎++ 𝑿 𝟑𝟗𝟔𝟎 , 𝑿𝟎(𝟒𝟏𝟒𝟎) states.

◆ 𝑿(𝟑𝟗𝟔𝟎) parameterised by a Flatté-like formula (𝐷𝑠
+𝐷𝑠

− channel):

✓ Fit result:

✓ 𝑚(𝐷𝑠
+𝐷𝑠

−) well described by fit model.

✓ The determined mass and width of 𝑋(3960) are consistent with the 𝝌𝒄𝟎(𝟑𝟗𝟑𝟎)

observed in 𝑩+ → 𝑫+𝑫−𝑲− analysis within 𝟑𝝈.

Mass (MeV) Width (MeV)

𝜒𝑐0(3930) 3923.8 ± 1.5 ± 0.4 17.4 ± 5.1 ± 0.8

Phys. Rev. D102, 112003

𝑩+ → 𝑫𝒔
+𝑫𝒔

−𝑲+

Preliminary

Preliminary

Preliminary Preliminary
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Mesonic exotic

LHCb Preliminary⚫ Observation of a resonant structure near the 𝑫𝒔
+𝑫𝒔

− threshold

➢ Whether 𝑋(3960) and 𝜒𝑐0(3930) states are the same resonance?

Baseline model

Extended Flatté

◆ Extended the Flatté-like formula, add 𝐷+𝐷− channel.

✓ Likelihood is essentially unchanged.

✓ Mass and width are consistent with baseline model (0.5𝜎).

◆ Calculate the partial width ratio of 𝑋 to 𝐷+𝐷− and 𝐷𝑠
+𝐷𝑠

−:

✓ Γ(𝑋 → 𝐷+𝐷−) much smaller than Γ(𝑋 → 𝐷𝑠
+𝐷𝑠

−):

• 𝑋(3960) and 𝜒𝑐0(3930) are either not same state, or the same 

non-conventional charmonium-like state containing dominant 

𝒄ത𝒄𝒔ത𝒔 constituents. 

𝑩+ → 𝑫𝒔
+𝑫𝒔

−𝑲+

Preliminary

Preliminary



𝑩+ → 𝑫𝒔
+𝑫𝒔

−𝑲+
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⚫ Observation of a resonant structure near the 𝑫𝒔
+𝑫𝒔

− threshold

Baseline model

𝑲-matrix

➢ Whether the dip in 𝑚(𝐷𝑠
+𝐷𝑠

−) at 4.13 GeV relate to the nearby 𝐽/𝜓𝜙

threshold (4.12 GeV)?

◆ Employ a simple 𝐾-matrix model: 

◆ Contains single 𝑋(3960) state and two coupled channels, 𝐷𝑠
+𝐷𝑠

− and 𝐽/𝜓𝜙.

◆ The fit with two channels Flatté-like formular and 𝐾-matrix 

parameterizations are unstable.

✓ Neither of them is taken as baseline model.

✓ More data samples are needed!

✓ Fit quality consistent with baseline model: 

✓ −2lnℒ is worsen by 4.6, while ndf is increased by 1.

✓ The dip is well described by the 𝐾-matrix model.

LHCb Preliminary

Preliminary

Preliminary
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Mesonic exotic

⚫ In the past two years, great improvements on mesonic exotic states studies have 

been performed in LHCb collaboration:

 Open-charm: 

✓ First open-charm tetraquark states: 𝑿𝟎,𝟏(𝟐𝟗𝟎𝟎),

✓ First doubly charm tetraquark state: 𝑻𝒄𝒄
+

✓ First doubly charged tetraquark and its isospin partner: 𝑻𝒄ത𝒔
𝒂 𝟐𝟗𝟎𝟎 𝟎,++

 Hidden-charm:

✓ 𝑫+𝑫−: 𝝌𝒄𝟎(𝟑𝟗𝟑𝟎)

✓ 𝑱/𝝍𝑲+: 𝒁𝒄𝒔 𝟒𝟎𝟎𝟎
+, 𝒁𝒄𝒔 𝟒𝟐𝟐𝟎

+

✓ 𝑱/𝝍𝝓: 𝑿(𝟒𝟔𝟖𝟓), 𝑿(𝟒𝟔𝟑𝟎)

✓ 𝝌𝒄𝟏 𝟑𝟖𝟕𝟐 → 𝝎 𝝅𝝅 𝑱/𝝍

✓ 𝑫𝒔
+𝑫𝒔

−: 𝑿(𝟑𝟗𝟔𝟎)

⚫ More analyses with LHCb Run 1 and Run 2 dataset are ongoing.

⚫ LHC Run 3 data taking start recently.

𝑿(𝟑𝟗𝟔𝟎)

𝑻𝒄ത𝒔
𝒂 𝟐𝟗𝟎𝟎 𝟎,++

Preliminary

Preliminary Preliminary
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The LHCb detector Mesonic exotic
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⚫ Model-independent analysis of the 𝑩+ → 𝑫+𝑫−𝑲+ decay Phys. Rev. Lett. 125.242001

𝒉 𝑫+𝑫− = 𝒄𝒐𝒔(𝜽𝑫+𝑫−)

➢ Only charmonium states are expected to contribute to 𝐵+ → 𝐷+𝐷−𝐾+ decay.

✓ Clear 𝝍 𝟑𝟕𝟕𝟎 and 𝝌𝒄𝟐(𝟑𝟗𝟑𝟎) peaks in 𝐷+𝐷− spectrum.

✓ Obvious peaking structures in 𝐷−𝐾+ spectrum at 8.5 GeV2/𝑐4 (2.9 GeV/𝑐2).

✓ 𝑚 𝐷−𝐾+ could be well described with high 𝒌𝐦𝐚𝐱.

✓ Clear deviation on 𝑚 𝐷−𝐾+ spectrum around 2.9 GeV/𝑐2 with 𝒌𝐦𝐚𝐱 = 𝟒 𝐽max = 2 .

✓ The significance of disagreement is estimated to be 𝟑. 𝟗𝝈 with 𝒌𝒎𝒂𝒙 = 𝟒 and 𝟑. 𝟕𝝈 with 𝒌𝒎𝒂𝒙 = 𝟔 by using test statistic.

◆ Model-independent analysis :

◆ Generate Phase space MC samples, and weighted by:

𝜂𝑖 =
2

𝑁𝑗
𝑆𝑖𝑚

× ෍

𝑘=0

𝑘max

𝑌𝑘
𝑗
𝑃𝑘[ℎ𝑖(𝐷

+𝐷−)]

then project to 𝑚 𝐷−𝐾+ and 𝑚 𝐷+𝐾+ spectra.

𝑃𝑘 ℎ 𝐷+𝐷− =
2𝑘 + 1

2
× 2𝑘෍

𝑟=0

𝑘

ℎ 𝐷+𝐷− 𝑟
𝑘

𝑟

𝑘 + 𝑟 − 1
2
𝑘

𝒀𝒌
𝒋
= ෍

𝑙=1

𝑁𝑗
𝐷𝑎𝑡𝑎

𝑤𝑙𝑃𝑘[ℎ𝑙(𝐷
+𝐷−)]
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⚫ Amplitude analysis of the 𝑩+ → 𝑫+𝑫−𝑲+ decay Phys. Rev. D102.112003

Fitting result with 𝑫+𝑲− reconances

Fitting result without 𝑫+𝑲− reconances

◆ Preform a model-dependent analysis to extract the parameter of the potential exotic state.

◆ Including 𝜓(3770), 𝜒𝑐0(3930), 𝜒𝑐2(3930), 𝜓(4040), 𝜓(4160) and 𝜓 4415 resonances.

✓ 𝑚(𝐷+𝐷−) and 𝑚(𝐷+𝐾+) could be well described.

✓ Large deviation on 𝒎(𝑫−𝑲+) spectrum around 𝟐. 𝟗 𝐆𝐞𝐕/𝒄𝟐. 

◆ Results with only 𝑫+𝑫− resonances:

◆ Two 𝑫−𝑲+ resonances are added:

 𝑿𝟎(𝟐𝟗𝟎𝟎), 𝑱
𝑷 = 𝟎+

• Mass: 2866 ± 7 ± 2 MeV/𝑐2

• Width: 57 ± 12 ± 4 MeV

 𝑿𝟏(𝟐𝟗𝟎𝟎), 𝑱
𝑷 = 𝟏−

• Mass: 2904 ± 5 ± 1 MeV/𝑐2

• Width: 110 ± 11 ± 4 MeV

◆ In 𝝌𝒄𝑱(𝟑𝟗𝟑𝟎) region:

 𝝌𝒄𝟎(𝟑𝟗𝟑𝟎), 𝑱
𝑷 = 𝟎+

• Mass: 3923.8 ± 1.5 ± 0.4 MeV/𝑐2

• Width: 17.4 ± 5.1 ± 0.8 MeV

 𝝌𝒄𝟐(𝟑𝟗𝟑𝟎), 𝑱
𝑷 = 𝟐+

• Mass: 3926.8 ± 2.4 ± 0.8 MeV/𝑐2

• Width: 34.2 ± 6.6 ± 1.1 MeV

✓ With the amplitude analysis, two exotic 𝑫−𝑲+ resonances with spin-0 and spin-1 are observed.

✓ Discovery of contributions from spin-0 and spin-2 𝝌𝒄𝑱 components in the region of the existing 

𝜒𝑐2(3930).



Inclusive 𝑫𝟎𝑫𝟎𝝅+
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⚫ Observation of an exotic narrow doubly charmed tetraquark

➢ The existence of 𝑄𝑄ത𝑞ത𝑞 states have been widely discussed for a long time.

➢ Theoretical predictions for the mass of 𝑐𝑐 ത𝑢 ҧ𝑑 state lie in the range 𝛿𝑚 ∈ [-300, 300] MeV of 𝐷∗+𝐷0 mass threshold.

◆ Reconstruct the 𝐷0𝐷0𝜋+ candidates by selecting two 𝐷0 and a 𝜋+ at same 𝑝𝑝 interaction point.

◆ Non-𝐷0 backgrounds are subtracted by a two-dimensional fit on 𝐷0 versus 𝐷0 mass spectra.

◆ Constrain 𝐷0 mass to the known value.

✓ Narrow peak near 𝑫∗+𝑫𝟎 mass threshold!

◆ Extract parameters of narrow peak by a fit:

◆ Signal: P-wave two-body (𝐷0𝐷0 + 𝜋+) Breit-Wigner function ⨂ detector resolution.

◆ Background: two-body (𝐷∗+ + 𝐷0) PHSP function + 2nd-order polynomial.

✓ Parameters are determined to be:

✓ First observation of a doubly charmed tetraquark state:
✓ The narrowest exotic state observed to date.

✓ Minimal quark content: 𝒄𝒄ഥ𝒖ഥ𝒅
✓ Consistent with the expected 𝟏+ 𝑻𝒄𝒄

+ isoscalar tetraquark ground state.

Nat. Phys. (2022)

◆ Further tests:



𝑩+ → 𝑱/𝝍𝝓𝑲+
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Phys. Rev. Lett. 127, 082001
⚫ Observation of New Resonances Decaying to 𝑱/𝝍𝑲+ and 𝑱/𝝍𝝓

➢ The existence of the 𝒁𝒄𝒔 → 𝑱/𝝍𝑲+ had been predicted. 

➢ 𝒁𝒄𝒔 𝟑𝟗𝟖𝟓
+ observed by BESIII in (𝑫𝒔

+ഥ𝑫∗𝟎 +𝑫𝒔
∗+ഥ𝑫𝟎) final states.

◆ Run 1 result: Four 𝐽/𝜓𝜙 state observed, but no 𝐽/𝜓𝐾+ resonance.

◆ Run 1 + 2: 

• Distinct band near 𝟏𝟔 𝐆𝐞𝐕𝟐 of 𝐽/𝜓𝐾+ mass squared.

• Run 1 model failed to describe the 𝑚𝐽/𝜓𝐾+ distribution.

✓ The model requires improvements:

✓ Two new 𝑱/𝝍𝑲+ states:

✓ Two new 𝑱/𝝍𝝓 states:

Mass (MeV) Width (MeV) Spin-Parity

𝒁𝒄𝒔 𝟒𝟎𝟎𝟎
+ 𝟒𝟎𝟎𝟑 ± 𝟔−𝟏𝟒

+𝟒 𝟏𝟑𝟏± 𝟏𝟓 ± 𝟐𝟔 𝟏+

𝒁𝒄𝒔 𝟒𝟐𝟐𝟎
+ 𝟒𝟐𝟏𝟔 ± 𝟐𝟒−𝟑𝟎

+𝟒𝟑 𝟐𝟑𝟑 ± 𝟓𝟐−𝟕𝟑
+𝟗𝟕 𝟏+ or 𝟏−

Mass (MeV) Width (MeV) Spin-Parity

𝑿 𝟒𝟔𝟖𝟓 𝟒𝟔𝟖𝟒 ± 𝟕−𝟏𝟔
+𝟏𝟑 𝟏𝟐𝟔 ± 𝟏𝟓−𝟒𝟏

+𝟑𝟕 𝟏+

𝑿 𝟒𝟔𝟑𝟎 𝟒𝟔𝟐𝟔 ± 𝟏𝟔−𝟏𝟏𝟎
+𝟏𝟖 𝟏𝟕𝟒 ± 𝟐𝟕−𝟕𝟑

+𝟏𝟑𝟒 𝟏−

✓ First observation of a relatively narrow 𝒁𝒄𝒔 𝟒𝟎𝟎𝟎
+ state decay to the 𝑱/𝝍𝑲+ final state:

✓ Its mass consistent with 𝑍𝑐𝑠 3985
+ observed by BESIII experiment, but width is significant wider.

✓ Further test support that they are different states.
BESIII result


