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• Motivation

• 𝑩+ → 𝑱/𝝍𝝓𝑲+

• 𝒆+𝒆− → 𝜸𝑱/𝝍𝝓

• 𝚲𝐛 → 𝑱/𝝍𝚲𝝓

• Summary
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Charmonium-like states

3

H.X.Chen,W. Chen,X.Liu, S.L. Zhu, 
Phys.Rept. 639 (2016) 1-121



X(4140)

• No signals in Belle(PRL104,112004 

(2010)), LHCb(PRD85, 091103 (2012)), 
BaBar(PRD 91, 012003 (2015))

• The signal of X(4140) is only observed in the 
process 𝑩+ → 𝑱/𝝍𝝓𝑲+
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EWang,EPJC80(2020)626



X(4140)

5



BESIII
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The LHCb measurement

4 X states are observed.

X(4140): JPC=1++

Width=83±21 MeV

7PRD95,2017,PRL118,2017



The LHCb measurement

4 X states are observed.

X(4140): JPC=1++

Width=83±21 MeV
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The strong cusp around the 𝑫𝒔
∗ഥ𝑫𝒔

∗ threshold cannot be
reproduce in the analysis of LHCb.



The large width of X(4140)
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PRL118,2017

PDG2020



The large width of X(4140)
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PRL118,2017

The deduced width of X(4140), 83±21 MeV, larger than the former

experimental measurements, and also the average of the PDG.

PDG2020



BESIII
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X(4140)

• Many explanations:

➢Molecular state:

X. Liu, S.L. Zhu, PRD80(2009), G.J. Ding,EPJC64(2009),J.R. Zhang, 
M.Q.Huang,JPG37(2010),

➢Tetraquark:

F.Stancu,JPG37(2010),Z.G.Wang,IJMPA30(2015)

➢Hybrid state:

Mahajan,PLB679(2009),Z.G.Wang,EPJC63(2009)

➢Rescattering effect: 

X. Liu,PLB680(2009)
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𝐷𝑠
∗ഥ𝐷𝑠

∗molecule

• Vector-vector exchange within local hidden gauge approach
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𝐷𝑠
∗ഥ𝐷𝑠

∗molecule

• Vector-vector exchange within local hidden gauge approach
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𝐷𝑠
∗ഥ𝐷𝑠

∗molecule

• Vector-vector exchange within local hidden gauge approach
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The 𝑫𝒔
∗ഥ𝑫𝒔

∗molecule with 2++ was associated to the X(4160), not the 

X(4140).



𝐷𝑠
∗ഥ𝐷𝑠

∗molecule, X(4160)
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𝐷𝑠
∗ഥ𝐷𝑠

∗molecule, X(4140) or X(4160)

• The quantum numbers of  X(4140) established to be 0+(1++)
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PRD95,2017,PRL118,2017

PDG2020



𝐷𝑠
∗ഥ𝐷𝑠

∗molecule, X(4140) or X(4160)

• The quantum numbers of  X(4140) established to be 0+(1++)
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PRD95,2017,PRL118,2017

PDG2020

The association of the  𝑫𝒔
∗ഥ𝑫𝒔

∗molecule with 0++/ 2++ to X(4140) can 

no longer be supported,  and  the association of the  

𝑫𝒔
∗ഥ𝑫𝒔

∗molecule to X(4160) has much weight.



X(4140)
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LHCb: 𝑩+ → 𝑱/𝝍𝝓𝑲+

PRD97(2018)014017
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The reaction of 
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B J K − −→

Internal conversionExternal emission

◼ The internal conversion is suppressed by 

color factors with respect to the external 

emission.

◼ The mechanism with the J/ψϕ intermediate 

state instead of 𝐷𝑠
∗ഥ𝐷𝑠

∗ would involve the extra 

factor  gJ/ψϕ /g
𝐷𝑠∗ ҧ𝐷𝑠

∗
, and can be safely 

neglected.



The reaction of 
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B J K − −→

The X(4160) is JPC=2++ state with L=0 in 𝐷𝑠
∗ഥ𝐷𝑠

∗.

We need a D-wave in the K- to match the  angular 

momentum in the reaction.



The reaction of 
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B J K − −→

The X(4160) is JPC=2++ state with L=0 in 𝐷𝑠
∗ഥ𝐷𝑠

∗.

We need a D-wave in the K- to match the  angular 

momentum in the reaction.



The reaction of 
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B J K − −→

For the mass distribution of J/ψϕ

For the mass distribution of 𝐷𝑠
∗ഥ𝐷𝑠

∗



The contribution of X(4160)

• G is the loop function, with the cut off method,

• The transition amplitudes are,
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The contribution of X(4160)

• G is the loop function, with the cut off method,

• The transition amplitudes are,
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The contribution of X(4140)

• Since X(4140) is 1++,  the kaon should be in P-wave, and the 
operator for P-wave is,
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The substitution:



Results

• We fit the data from threshold up to about 4250 MeV.

• 13 data, chi^2/dof=15.3/(13-3)
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Results

• The Flatte effect is visable, as a sharp fall 
down of the invariant mass distribution 
above the 𝐷𝑠

∗ഥ𝐷𝑠
∗ threshold.

• The lower part of the spectrum can be 
obtain from the contribution of X(4160) 
(2++) and X(4140)(1++, 19 MeV) 
resonances.

• The cusp of the distribution at the 𝐷𝑠
∗ഥ𝐷𝑠

∗

threshold, cannot be accommodated  by a 
Breit-Wigner amplitude, and it indicates 
that the resonance in that region is tied to 
the 𝐷𝑠

∗ഥ𝐷𝑠
∗ channel.
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Results

• There is a peak close to the  
threshold, which should not be 
misidentified with a new state, 
but it is the reflection of the 
X(4160).

• The strength of the peak is the 
twice of the one of the X(4140).
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BESIII: 𝑒+𝑒− → 𝛾𝐽/𝜓𝜙
CPC43(2019)113101
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The mechanism for 𝑱/𝝍𝝓 production

33



The mechanism for 𝑱/𝝍𝝓 production
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The mechanism for 𝑱/𝝍𝝓 production
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The mechanism for 𝑫𝒔
∗ഥ𝑫𝒔

∗ production
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Results
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𝒆+𝒆− → 𝑫𝒔
∗ഥ𝑫𝒔

∗𝜸
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𝚲𝒃 → 𝑱/𝝍𝚲𝝓

• First observed by CMS PLB802, 135203(2020)

• 𝑱/𝝍𝝓 final state interaction, X(4140) &X(4160)

• 𝚲𝝓 final state interactions,  no information about 𝚲∗

• 𝑱/𝝍𝚲 final state interaction, 𝑷𝒄𝒔
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The mechanism
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Results
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Summary 

• The width of X(4140) is important.

• With a narrow X(4140) and the 𝑫𝒔
∗ഥ𝑫𝒔

∗ molecular state X(4160), 
we can provide an good explanation of the LHCb
measurements for 𝑩+ → 𝑱/𝝍𝝓𝑲+.

• Our model is also compatible with the BESIII measurments
about 𝒆+𝒆− → 𝜸𝑱/𝝍𝝓.

• The process 𝚲𝒃 → 𝑱/𝝍𝚲𝝓 can be used to learn X(4140), 
X(4160), and the newly observed Pcs.

• The signal of X(4160) in 𝑫𝒔
∗ഥ𝑫𝒔

∗ spectrum is important to 
confirm the molecular nature.
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Thanks for your 
attention!

46


