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Formalism-Three-body Coupled channel model
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( ) ( )v k v k   
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Three channels ഥ𝐷𝐷∗, 𝐽/𝜓𝜋, 𝜂𝑐𝜌

ഥ𝑫𝑫∗ → ഥ𝑫𝑫∗

The interaction determined by Tcc

ഥ𝑫𝑫∗ → 𝑱/𝝍𝝅, 𝜼𝒄𝝆

𝐷(∗)𝐷(∗)

𝐷(∗)𝐷(∗)

Heavy Quark Symmetry

Only one free 
parameter 𝒈′



Formalism-Feynman digrams



Formalism-Feynman digrams



Data Fit-𝐷∗−𝐷0𝜋+

1. Cascade decay 

dominated Fig.(c)

2. The threshold peak 

from the interference 

between (c) and (a)

3. The background play 

important at higher 

invariant mass of 

𝐷∗−𝐷0



Data Fit-𝐽/𝜓𝜋−𝜋+

1. Peak from 

Triangle Loop

2. Fig(a-c) is not 

important

3. The background 

give the bump



Data Fit-𝜂𝑐𝜌
−𝜋+

1. Data very limit

2. Peak is mainly from Fig.(b)

3. No background considered



Data Fit-𝜂𝑐𝜌
−𝜋+

1. Data very limit

2. Peak is mainly from Fig.(b)

3. No background considered

1. Why are two-particle loops similar as Fig（a）
not important ?

2. How is the contribution of Kinematical effect 

from Triangle loop ?

3. How is the contribution of the re-scattering T 

matrix ?



Data Fit-Two-body Loop

A more comprehensive framework for systematically describing hadrons

Since the scattering(Fig.b) 

is much weaker than 

direct decay (Fig.a). If we 

insist the contribution 

from Fig.b/c for 𝑱\𝝍𝝅𝝅
dominate, it will ask for 

Fig.a for ഥ𝑫𝑫∗𝝅 too large!

Coupled channel 

Constrain !   



Data Fit- Kinematical effect from Triangle loop

The Kinematical effect from Triangle loop plays the role, but not full reason !



Data Fit- re-scattering T matrix

The threshold 

cusp is clear, 

which should 

play important 

contribution for 

the peak!



Pole Position 

0 IH H H 
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( ) ( )v k v k   
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Three channels ഥ𝐷𝐷∗, 𝐽/𝜓𝜋, 𝜂𝑐𝜌

ഥ𝑫𝑫∗ → ഥ𝑫𝑫∗

The interaction determined by Tcc

ഥ𝑫𝑫∗ → 𝑱/𝝍𝝅, 𝜼𝒄𝝆

Heavy Quark Symmetry

HEFT

Lattice 

spectrum

Resonance
(Mass, width, pole 

position, coupling)

T matrix

(phase shift, 

Inelascity)

LSE FV

A bit far away from the Zc(3900), 

thus, from this calculation, we 

interpolate the peak around 3900 

is not from an physical state!

RS---



Finite volume spectra

0 IH H H 
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Three channels ഥ𝐷𝐷∗, 𝐽/𝜓𝜋, 𝜂𝑐𝜌

ഥ𝑫𝑫∗ → ഥ𝑫𝑫∗

The interaction determined by Tcc

ഥ𝑫𝑫∗ → 𝑱/𝝍𝝅, 𝜼𝒄𝝆

Heavy Quark Symmetry

HEFT

Lattice 

spectrum

Resonance
(Mass, width, pole 

position, coupling)

T matrix

(phase shift, 

Inelascity)

LSE FV
The points are all close to the free 

energy, which is also consistent 

with existed lattice data, and also 

consistent with our interpolation of 

the peak structure.

The method please 

see Kang Yu’s Post!



Summary

• We build a three channels model for Zc(3900).

• We symmetrically analysis three reactions, and nice describe 

the invariant mass spectra of ഥDD∗, 𝐽/𝜓𝜋, 𝜂𝑐𝜌.

• We find that the peak around 3900 MeV could be explained as 

threshold cusps mainly because of triangle loop.

• The kinematical effect from triangle loop just enhance the cusp 

from the re-scattering T matrix from the three channels model.



Outlook

Weak Point

• Unknown Background !

• No 𝑌 − ഥ𝐷𝐷∗ and 𝑌 − 𝐽/𝜓 𝑋 contribution ! 

--- Three body unitary model ? 

--- Too many parameters ?

--- More experimental data and Lattice inputs !

• By using the current model, we want to 

analysis more data at different energies. 



Thanks for attention


