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The LHCb measurement

4 X states are observed.

X(4140): JPC=1++

Width=83±21 MeV

8PRD95,2017,PRL118,2017
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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)

10

PRL118,2017

PDG2017



The large width of X(4140)

11

PRL118,2017

PDG2017

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

experimental measurements, and also the average of the PDG.
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BESIII
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X(4140)

• Many explanantions:

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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X(4140) as the 𝐷𝑠
∗ഥ𝐷𝑠

∗molecule

• Meson exchange model, X. Liu, S.L. Zhu, PRD80(2009)

• The X(4140) is predicted to be JPC=0++,2++
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X(4140) as the 𝐷𝑠
∗ഥ𝐷𝑠

∗molecule

• The meson-exchange potentials generated by the 
Lagrangian of heavy hadron chiral perturbation theory

• The X(4140) with JPC=0++,2++

T. Branz, et. al,PRD80(2009)
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X(4140) as the 𝐷𝑠
∗ഥ𝐷𝑠

∗molecule

• Vector meson exchange, Bethe-Salpeter quations

X.Z.Chen, X.F.lv, R.B.Shi, X.R.Guo, 1512.06483

• η exchange, M. Karliner, NPA954(2016)

• QCD sum rules

J.R. Zhang, M.Q.Huang,JPG37(2010),

ZGWang, EPJC63(2009), 

ZGWang, YF.Tian,IJMPA30(2015)

• η, ϕ, σ exchange,G.J.Ding,EPJC64(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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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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• The quantum numbers of  X(4140) established to be 0+(1++)
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PRD95,2017,PRL118,2017

PDG2017

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.



How is the molecule like?

• It decays into a heavy quarkonium plus a light meson with 
nozero isospin, for instance, Zc, Zb.

• For the molecular states that couple to several hadron-
hadron channels, one can find a strong and unexpected 
cusp in one of the weakly coupled channels at the 
threshold of the channels corresponding to the main 
component of the molecular state.

• Dai,Dias,Oset,EPJC78(2018)

• Ewang,JJXie,LSGeng,Oset,PRD97(2019);1806.05113

• Dai,GYWang,Xchen,Ewang,DMLi,Oset,1808.10371
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LHCb: B+→J/ψφK+

PRD97(2018)014017
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The reaction of 

27

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 

28

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.
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B J K  

The X(4160) is JPC=2++ state with L=0 in 𝐷𝑠
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We need a D-wave in the K- to match the  angular 

momentum in the reaction.



The reaction of 

30

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
arxiv:1806.05113
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X(4140)
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BESIII
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The mechanism for J/ψφ production

41



The mechanism for J/ψφ production
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The mechanism for J/ψφ production
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The mechanism for Ds
*Ds

* production
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Results
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LHCb: B+→J/ψωK+

arxiv:1808.10373
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LHCb thesis 2014-243

48

X(3872)

χc0(2P)
χc0(2P)：X(3915)
Is X(3915) the χc0(2P)?
HXChen, Phys.Rept. 639 (2016)
Phys.Rev. D69 (2004) 094019
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D*D* molecule states,X(3940),X(3930)
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The reaction
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Tree level
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Final state interaction
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Results

54



Results
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Summary 

• The X(4140) deduced from the                      by LHCb has a 
large width 83±21 MeV vs. 19MeV of PDG.

• Many explanations of X(4140): molecular state, hybrid state, 
tetraquark state.

• X(4140) as the 𝐷𝑠
∗ഥ𝐷𝑠

∗molecule, with JPC=0++, 2++, in contrast 
with the recent experimental measurement, PDG(1++).

• X(4160) as the 𝐷𝑠
∗ഥ𝐷𝑠

∗molecule, with JPC=2++, large couplings 
to 𝐷𝑠

∗ഥ𝐷𝑠
∗, J/ψϕ channels.
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Summary 

• Taking into account the contribution of X(4160) and X(4140), 
the lower part of the spectrum can be well reproduced.

• 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.

• We predict the 𝐷𝑠
∗ഥ𝐷𝑠

∗ distribution for                     reaction. 
There is a peak close to the threshold, and it is the 
reflection of the X(4160).
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Summary

• We analysed the process of                           ，by 
considering the contributions of the molecular state 
X(4160), and the X(4140) state.

• Our results show that some structures can be associated 
to the X(4160) and X(4140) states.

• The reflection effect of X(4160) is clear in the Ds*Ds* 
distribution, which should not be misidentified as a new 
resonance.

• We strongly call for a measurment with high precise. 
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Summary

• We have presented a theoretical interpretation on the 
B+→J/ψωK+ reaction in the range of J/ψω invariant mass 
3930-4050 MeV, and found that two resonances X(3940) and 
X(3930), strongly coupled to D*D* in JPC=0++ and 2++, give 
rise to a strong cusp at D*D* threshold, which is supported 
by LHCb measurement.

• Our work should serve as a motivation to improve the 
statistic.
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Thanks for your 
attention!
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