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Observation of Zc(3900)

Observation of Zc(3900)/Zc(3885) in : 

• 𝑒𝑒+𝑒𝑒− → 𝑌𝑌 → 𝜋𝜋+𝜋𝜋−𝐽𝐽/𝜓𝜓 @ 𝑠𝑠 = 4.23, 4.26 𝐺𝐺𝐺𝐺𝐺𝐺 

• 𝑒𝑒+𝑒𝑒− → 𝑌𝑌 → 𝜋𝜋± 𝐷𝐷�𝐷𝐷∗ ∓ @ 𝑠𝑠 = 4.23, 4.26 𝐺𝐺𝐺𝐺𝐺𝐺 

• 𝑒𝑒+𝑒𝑒− → 𝑌𝑌 → 𝜋𝜋±(𝜌𝜌𝜂𝜂𝑐𝑐)∓ @ 𝑠𝑠 = 4.23 𝐺𝐺𝐺𝐺𝐺𝐺 

2211.07217
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𝒆𝒆+𝒆𝒆− → 𝝅𝝅+𝝅𝝅−𝑱𝑱/𝝍𝝍 @ 𝒔𝒔 = 𝟒𝟒.𝟐𝟐𝟐𝟐 𝑮𝑮𝑮𝑮𝑮𝑮

𝒎𝒎𝑩𝑩𝑩𝑩 = 𝟑𝟑𝟖𝟖𝟖𝟖𝟖𝟖.𝟓𝟓 ±  𝟔𝟔.𝟔𝟔 ±  𝟒𝟒.𝟓𝟓  𝑴𝑴𝑴𝑴𝑴𝑴
 

𝚪𝚪𝑩𝑩𝑩𝑩 = 𝟔𝟔𝟔𝟔 ±  𝟐𝟐𝟐𝟐 ±  𝟐𝟐𝟐𝟐  𝑴𝑴𝑴𝑴𝑴𝑴

𝒆𝒆+𝒆𝒆− → 𝝅𝝅+𝝅𝝅−𝑱𝑱/𝝍𝝍 @ 𝒔𝒔 = 𝟒𝟒.𝟐𝟐𝟐𝟐 𝑮𝑮𝑮𝑮𝑮𝑮

PhysRevLett.110.252001PhysRevLett.119.072001
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𝒆𝒆+𝒆𝒆− → 𝝅𝝅𝝅𝝅�𝑫𝑫∗ @ 𝒔𝒔 = 𝟒𝟒.𝟐𝟐𝟐𝟐 𝑮𝑮𝑮𝑮𝑮𝑮

𝒎𝒎𝑩𝑩𝑩𝑩 = 𝟑𝟑𝟖𝟖𝟖𝟖𝟖𝟖.𝟐𝟐 ± 𝟏𝟏.𝟏𝟏 ± 𝟏𝟏.𝟓𝟓  𝑴𝑴𝑴𝑴𝑴𝑴
 

𝚪𝚪𝑩𝑩𝑩𝑩 = 𝟐𝟐𝟐𝟐.𝟓𝟓 ± 𝟏𝟏.𝟕𝟕 ±  𝟐𝟐.𝟏𝟏  𝑴𝑴𝑴𝑴𝑴𝑴

𝒆𝒆+𝒆𝒆− → 𝝅𝝅𝝅𝝅�𝑫𝑫∗ @ 𝒔𝒔 = 𝟒𝟒.𝟐𝟐𝟐𝟐 𝑮𝑮𝑮𝑮𝑮𝑮

PhysRevD.92.092006
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𝒆𝒆+𝒆𝒆− → 𝝅𝝅± 𝝆𝝆𝜼𝜼𝒄𝒄 ∓@ 𝒔𝒔 = 𝟒𝟒.𝟐𝟐𝟐𝟐 𝑮𝑮𝑮𝑮𝑮𝑮

𝑩𝑩 𝒁𝒁𝒄𝒄(𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑) → 𝝆𝝆𝜼𝜼𝒄𝒄
𝑩𝑩 𝒁𝒁𝒄𝒄(𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑) → 𝝅𝝅𝝅𝝅/𝝍𝝍

= 𝟐𝟐.𝟏𝟏 ± 𝟎𝟎.𝟖𝟖 

PhysRevD.100.111102
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𝑠𝑠 = 4.23𝐺𝐺𝐺𝐺𝐺𝐺 𝑠𝑠 = 4.26𝐺𝐺𝐺𝐺𝐺𝐺

3 couple channels !

recent LQCD study implies that
𝜌𝜌𝜂𝜂𝑐𝑐 may be the same footing as 𝜋𝜋𝜋𝜋/𝜓𝜓 

PhysRevLett.117.242001
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0

Taken from Tcc work 
2306.12406

(𝐽𝐽/𝜓𝜓, 𝜂𝜂𝑐𝑐) superfileds  (𝐷𝐷,𝐷𝐷∗), (�𝐷𝐷, �𝐷𝐷∗),superfileds  

𝝅𝝅 𝑱𝑱/𝝍𝝍 𝝆𝝆𝜼𝜼𝒄𝒄 𝑫𝑫�𝑫𝑫∗

𝝅𝝅 𝑱𝑱/𝝍𝝍

𝝆𝝆𝜼𝜼𝒄𝒄

𝑫𝑫�𝑫𝑫∗
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Lippmann Schwinger Equation

• partial-wave LSE :  𝐽𝐽𝑃𝑃 = 1+   only L=0 (s wave) is considered

• Dipole Form Factor

Λ𝐷𝐷�𝐷𝐷∗ = 1𝐺𝐺𝐺𝐺𝐺𝐺, Λ𝜌𝜌𝜂𝜂𝑐𝑐 = Λ𝜋𝜋𝜋𝜋/𝜓𝜓 = 1.5𝐺𝐺𝐺𝐺𝐺𝐺 
𝑚𝑚𝜂𝜂𝑐𝑐
𝑚𝑚𝐷𝐷

≈
𝑚𝑚𝐽𝐽/𝜓𝜓 

𝑚𝑚𝐷𝐷
≈ 1.5

PhysRevLett.119.072001
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𝑒𝑒+𝑒𝑒− → 𝜋𝜋+𝜋𝜋− 𝐽𝐽/𝜓𝜓

𝑒𝑒+𝑒𝑒− → 𝜋𝜋𝜋𝜋�𝐷𝐷∗

𝑒𝑒+𝑒𝑒− → 𝜋𝜋𝜋𝜋𝜂𝜂𝑐𝑐

PhysRevD.105.074018
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Two incoherent polynomials

𝑏𝑏0 ∗ 𝑠𝑠𝜋𝜋−𝐽𝐽/𝜓𝜓  −𝑚𝑚𝜋𝜋 −𝑚𝑚𝐽𝐽/𝜓𝜓
𝑏𝑏1
∗ 𝑠𝑠 − 𝑚𝑚𝜋𝜋 − 𝑠𝑠𝜋𝜋−𝐽𝐽/𝜓𝜓 

𝑏𝑏1

𝑐𝑐0 ∗ ( 𝑠𝑠𝐷𝐷0𝐷𝐷∗− −𝑚𝑚𝐷𝐷 −𝑚𝑚�𝐷𝐷∗)𝑐𝑐1∗ 𝑠𝑠 − 𝑚𝑚𝜋𝜋 − 𝑠𝑠𝐷𝐷0𝐷𝐷∗− 
𝑐𝑐2

mimic 𝜋𝜋𝜋𝜋 FSI

mimic possible background contribution
PhysRevLett.112.022001

amplitude squared

dΓ ∼ 𝑁𝑁� 𝑀𝑀 2𝑑𝑑Φ + P 

scale factor
phase space

polynomials
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#. par = 23           #. ex dat ~ 250 in total @ 𝑠𝑠 = 4.23, 4.26 𝐺𝐺𝐺𝐺𝐺𝐺 
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#. par = 23           #. ex dat ~ 250 in total @ 𝑠𝑠 = 4.23, 4.26 𝐺𝐺𝐺𝐺𝐺𝐺 
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𝑒𝑒+𝑒𝑒− → 𝜋𝜋𝜋𝜋�𝐷𝐷∗

@ 𝑠𝑠 = 4.23𝐺𝐺𝐺𝐺𝐺𝐺

• dominated by cascade decay
• enhanced by interference with triangle diagram
• polynomials is considerable at the tail only (same as BES3)
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𝑒𝑒+𝑒𝑒− → 𝜋𝜋𝜋𝜋�𝐷𝐷∗

@ 𝑠𝑠 = 4.23𝐺𝐺𝐺𝐺𝐺𝐺

OBE potential is weak, so FSI is perturbative compared to tree diagram. 

PhysRevD.91.051504
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𝑒𝑒+𝑒𝑒− → 𝜋𝜋+𝜋𝜋−𝐽𝐽/𝜓𝜓

@ 𝑠𝑠 = 4.23𝐺𝐺𝐺𝐺𝐺𝐺

• dominated by triangle diagram
• polynomials gives similar line shape as MC simulation of 𝜋𝜋𝜋𝜋 FSI 

(also interchange 𝜋𝜋+,𝜋𝜋−)

(FSI not shown)
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𝑒𝑒+𝑒𝑒− → 𝜋𝜋+𝜋𝜋−𝐽𝐽/𝜓𝜓

@ 𝑠𝑠 = 4.23𝐺𝐺𝐺𝐺𝐺𝐺

(also interchange 𝜋𝜋+,𝜋𝜋−)

recall that FSI is perturbative
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role of triangle diagram

triangle diagram  =  pure triangle loop + T-matrix (FSI)

∼ 𝑉𝑉𝐷𝐷1𝐷𝐷∗𝜋𝜋 �
𝑑𝑑3𝑝𝑝

𝑠𝑠 − 𝜔𝜔𝐷𝐷1 − 𝜔𝜔𝐷𝐷 +
𝑖𝑖Γ𝐷𝐷1

2

1
𝑠𝑠 − 𝜔𝜔𝜋𝜋( 𝑠𝑠12 ) − 𝜔𝜔𝐷𝐷∗ − 𝜔𝜔𝐷𝐷 + 𝑖𝑖0+

width of 𝐷𝐷1(2420) is taken into account 

2 body unitary cut :  𝜋𝜋𝜋𝜋/𝜓𝜓,𝜌𝜌𝜂𝜂𝐶𝐶  ,𝐷𝐷�𝐷𝐷∗ threshold

1

2
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pure triangle loop in 𝑒𝑒+𝑒𝑒− → 𝜋𝜋𝜋𝜋𝜋𝜋/𝜓𝜓

• a cusp EXACTLY at 𝐷𝐷�𝐷𝐷∗ threshold (branch cut) 

• ratio of cusp to platform is not large enough

 pure triangle loop is important, but not enough.

@ 𝑠𝑠 = 4.26𝐺𝐺𝐺𝐺𝐺𝐺

∼ 𝑉𝑉𝐷𝐷1𝐷𝐷∗𝜋𝜋 �
𝑑𝑑3𝑝𝑝

𝑠𝑠 − 𝜔𝜔𝐷𝐷1 − 𝜔𝜔𝐷𝐷 +
𝑖𝑖Γ𝐷𝐷1

2

1
𝑠𝑠 − 𝜔𝜔𝜋𝜋( 𝑠𝑠𝜋𝜋𝜋𝜋/𝜓𝜓 ) − 𝜔𝜔𝐷𝐷∗ − 𝜔𝜔𝐷𝐷 + 𝑖𝑖0+
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pure triangle loop in 𝑒𝑒+𝑒𝑒− → 𝜋𝜋𝜋𝜋�𝐷𝐷∗

• indeed a peak

• but NOT close enough to threshold

T-matrix still needed@ 𝑠𝑠 = 4.26𝐺𝐺𝐺𝐺𝐺𝐺

∼ 𝑉𝑉𝐷𝐷1𝐷𝐷∗𝜋𝜋 �
𝑑𝑑3𝑝𝑝

𝑠𝑠 − 𝜔𝜔𝐷𝐷1 − 𝜔𝜔𝐷𝐷 +
𝑖𝑖Γ𝐷𝐷1

2

1
𝑠𝑠 − 𝜔𝜔𝜋𝜋( 𝑠𝑠𝐷𝐷�𝐷𝐷∗  ) − 𝜔𝜔𝐷𝐷∗ − 𝜔𝜔𝐷𝐷 + 𝑖𝑖0+
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T-matrix

| 𝑇𝑇𝐷𝐷�𝐷𝐷∗→𝜋𝜋𝜋𝜋/𝜓𝜓(𝑘𝑘 , 𝑝̅𝑝𝜋𝜋𝜋𝜋/𝜓𝜓 ; 𝑠𝑠𝜋𝜋𝜋𝜋/𝜓𝜓) |

off energy shell on energy shell

• a sharp cusp EXACTLY at 𝐷𝐷�𝐷𝐷∗ threshold 
 (thanks to one-pion-exchange potential)   

triangle diagram: cusp from T-matrix 
  enhanced by cusp from pure triangle loop

half-on-shell
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Pole of T-matrix

𝜋𝜋𝜋𝜋/𝜓𝜓 𝜌𝜌𝜂𝜂𝑐𝑐 𝐷𝐷�𝐷𝐷∗

3 channels → 23 = 8 Riemann sheets, labelled by  𝑅𝑅𝑆𝑆±±± 

Adjacent to physical region: 𝑅𝑅𝑆𝑆+++,𝑅𝑅𝑆𝑆−++,𝑅𝑅𝑆𝑆−−+,𝑅𝑅𝑆𝑆−−−

only one pole  ∼ 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 MeV is found in 𝑅𝑅𝑆𝑆−−−
   (“virtual”)   

a deeper virtual pole in LQCD at larger 𝑚𝑚𝜋𝜋

PhysRevLett.117.242001
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Finite Volume Spectra

almost free

qualitatively same as LQCD results  

free energy

eigenenergy

( all current LQCD research show no direct signal of Zc(3900) )
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possible interpretation of Zc(3900)-structure

For 𝒆𝒆+𝒆𝒆− → 𝝅𝝅𝝅𝝅�𝑫𝑫∗,  𝒁𝒁𝒄𝒄 structure: 

• mainly from 𝑌𝑌 → 𝐷𝐷1 2420 �𝐷𝐷 → 𝜋𝜋𝜋𝜋�𝐷𝐷∗ cascade decay

• enhanced by interference with triangle diagram

For 𝒆𝒆+𝒆𝒆− → 𝝅𝝅𝝅𝝅𝝅𝝅/𝝍𝝍 (𝝅𝝅𝝅𝝅𝜼𝜼𝒄𝒄),  𝒁𝒁𝒄𝒄 structure: 

• two cusps both exactly at 𝐷𝐷�𝐷𝐷∗ threshold

• mainly from unitary cut of T-matrix, enhanced by cut of pure triangle loop  
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possible interpretation of Zc(3900)-structure

For 𝒆𝒆+𝒆𝒆− → 𝝅𝝅𝝅𝝅�𝑫𝑫∗,  𝒁𝒁𝒄𝒄 structure: 

• mainly from 𝑌𝑌 → 𝐷𝐷1 2420 �𝐷𝐷 → 𝜋𝜋𝜋𝜋�𝐷𝐷∗ cascade decay

• enhanced by interference with triangle diagram

For 𝒆𝒆+𝒆𝒆− → 𝝅𝝅𝝅𝝅𝝅𝝅/𝝍𝝍 (𝝅𝝅𝝅𝝅𝜼𝜼𝒄𝒄),  𝒁𝒁𝒄𝒄 structure: 

• two cusps both exactly at 𝐷𝐷�𝐷𝐷∗ threshold

• mainly from unitary cut of T-matrix, enhanced by cut of pure triangle loop  

 

NOT a genuine particle,
But a threshold cusp ?
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Summary and Perspective

• Three-coupled-channels with OBE interaction analysis on Zc(3900)

 (channel-channel interaction almost determined from previous Tcc work)

• Experimental line shapes are successfully reproduced.

• Our model is qualitatively same as all current LQCD results

• Zc(3900) may not a genuine particle but a threshold cusp

Summary

• 𝜋𝜋𝜋𝜋 FSI is not incorporated in a self-contained way 

• 𝐷𝐷∗�𝐷𝐷∗ channel and Zc(4020) 

• improvement of the quality of data on STCF in the future is suggested

Perspective



Kang Yu Zc(3900): 3 coupled channels with OBE 2024/7/8 26

Summary and Perspective

• Three-coupled-channels with OBE interaction analysis on Zc

 (channel-channel interaction almost determined from previous Tcc work)

• Experimental line shapes are successfully reproduced.

• Our model is qualitatively same as all current LQCD results

• Zc may not a genuine particle but a threshold cusp

Summary

• 𝜋𝜋𝜋𝜋 FSI is not incorporated in a self-contained way 

• 𝐷𝐷∗�𝐷𝐷∗ channel and Zc(4020) 

• improvement of the quality of is suggested

Perspective
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Backup

𝜒̂𝜒2 ∼ 1.6
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Backup

w/o triangle diagram

S, D
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Backup
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Backup
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