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Outline



Ø Tcc was observed in the final states: �0�0�+

Ø Mass and width:

Ø Very close to the �0�∗+/�+�∗0 threshold

Ø Good candidate of �0�∗+/�+�∗0 molecular state

Motivation

��+�∗0−��0�∗+~1.4 MeV >  �� 

Ø Isospin violation effect can not be neglected

Ø To confirm the molecular explanation       
            Three-body decay
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unitarised Breit
Wigner profile

relativistic P-wave two-body 
Breit Wigner function with a 
Blatt-Weisskopf form factor
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Our prediction in 2013:

Motivation
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LHCb result of Tcc

273 (360) keV
Our prediction

470 keV

Binding energy

Perfect ��∗ molecular prediction matching the ��� observation at LHCb
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Ø Lagrangians

Ø spontaneously breaking [�(3)� ⊗ �(3)�]������ ⊗ [�(3)�]����� symmetry

�, �, �, �’ as Goldstone bosons

�, �, �∗, � as gauge bosons

Isospin violation
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Ø Breit approximation:

Ø Fourier transformation:

Ø Monopole form factor:

Ø Exponential form factor is used in our work:

suppress the amplitude 
when ��� is large

Isospin violation
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Ø Potentials with exponential form factor:

Isospin violation
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Isospin violation

The potentials are complex!!!

The potentials are real

We first neglect the imaginary part, and discuss it later.

Ø Discussion of the potentials



Ø �∗+�0 Potentials with exponential and monopole form factors

Isospin violation

Exponential FFExponential FF

Monopole FF Monopole FF

Long range: >2 fm;  Midium range: 0.3-2 fm;  short range: <0.3 fm

l short and medium range: 
      the vector meson-exchange   
      contributions are comparable 
      to that of pion-exchange.
l long range:
      pion-exchange contributionis 
      dominant.

Exponential FF

l whole range: 
      pion-exchange contributionis 
      dominant;
      other contributions are much 
      small due to the suppression 
      by the numerator of Monopole 
      FF.

Monopole FF
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Ø Schrodinger equation

Ø Probabilities with exponential and 
monopole form factors

Ø Numerical result

Isospin violation
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• ��
�� and ��

�� are almost the same 

• ��
�� is larger than ��

�� 

• � = 782 − 798 MeV: binding energy 200.3 - 
358.6 keV

• �∗+�0 component is dominant
• S-wave contribution is dominant
• Different choises of the FFs do not affect 

the result.
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Ø Representation transformation

Ø The probabilities of isovector and isoscalar

Isospin violation

• � = 790 − 798 MeV: �00 = 90.2% − 92.2% , �10 = 9.8% − 7.8%
• Isoscalar component is dominant

Isovector

Isoscalar
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Ø Only consider S-wave contribution

Ø The decay occur via one-boson exchange

Ø The molecular state is depicted by the wave function of the 
Schrodinger equation

Ø Feynman diagrams of the three-body decays

Three-body decay
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Ø The widths of strong decay and radiative decay

Ø Numerical results:

Ø The amplitudes of strong decay and radiative decay

Three-body decay

ü mass difference of �0 and �+ leads to ��+�0�0 ≠
��0�+�0

ü The total decay width is close to the lower limit of 
     the experimental value
ü The result suports the molecular explanation of Tcc
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Discussion 
Ø Using perturbation theory to deal with the imaginary part of potentials:

��� = �0 + ���
’

consider only the 1st order

• numerical result: 

• comparable with the experimental value:
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���
’ = Im(���) 



Summary
Ø Our predicted binding energy of Tcc in 2013 is consistent with the 

LHCb’s result (PRD 88 (2013) 114008) 

Ø Isospin violation effect within one-boson-exchange model

Ø We develop a method to calculate the three-body decays of Tcc

• We use the exponential FF, and get the analytic form of potentials

• The probability of isoscalar component is about 91%, that of isovector 
component is about 9% 

•  mass difference of �0 and �+ leads to ��+�0�0 ≠ ��0�+�0

• The total decay width is close to the lower limit of the experimental value
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•  The result suports the molecular explanation of Tcc

 Z. F. Sun, N. Li, X. Liu, arXiv:2405.00525

Ø The imaginary part of potentials generate the width, but not affect the 
mass (up to the first order)  
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