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not suported by other experiments

SELEX Collaboration

LHCb Collaboration

PRL 121(2018)162002PRL 119(2017)112001 PRL 121(2018)052002 
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(high energy) (low energy)
The corresponding phenomenon 
locates at low energy region: 
Non-perturbative, quark 
confinement

Chiral perturbation theory

effective theory of strong interactions at distances ~Mpi^{-1}



Chiral symmetry -> the light quark
strong interactions ->parity, charge conjugation  

...

Lagrangian

...
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· Power counting
Infinit terms of the constructed Lagrangian, infinit free paremeters
we need to assess the importance of a certain diagram

Weinberg's scheme:

· The amplitude of Feynman diagram can be expanded by 
  powers of momentum and masses of Goldstone mesons 
  (π, K and η)

· the Lagrangian can be classes by different order. 
  derivative -> momentum, terms containing meson mass.

(for Goldstone mesons)



          

               

extending to both mesons and baryons
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· The nonzero mass of the baryon in chiral limit breaks 
  the power counting.

 Heavy-Baryon chiral perturbation theory (HBCHPT)
 Infrared BChPT

 Extended-on-mass-shell (EOMS)



 Extended-on-mass-shell (EOMS)
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➡ Ultraviolet (UV) divergence: Dimensional regularisation, MS-1 subtraction
➡ PCB terms: polynomials, removed by redefinition of LECs 
    in Effective Lagrangian

✓ Scale independent
✓ Correct power counting (respectively faster convergence)
✓ keep original analyticity and all assumed symmetries

From De-Liang Yao's talk
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Quark model

Lattice QCD



ma

Doubly heavy baryon mass under EOMS renormalization

保持数幂律！
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

Power counting breaking terms:



Heavy diquark symmetry

c1, c7 and m still unknown

J. Hu and T. Mehen, PRD 73. 054003 

The estimation of the axial vector charge gA
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The heavy quark expansion m



C. Alexandrou et al., PRD 86, 114501 

Fitting the lattice data
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ma

Doubly heavy baryon mass under EOMS renormalization

Expand by powers of Mλ

This expression is the same as that under heavy-baryon CHPT
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Form Factors



                

    
                                                            

• 核子的形状因子        内部结构

• 本世纪初，SELEX实验对      重子的电荷半径，研究了它

的电磁结构

• 我们在理论上研究双重味重子的形状因子

Spatial charge and moment densities:

H. S. Li, L. Meng, Z. W. Liu, S. L. Zhu, PRD96,076011(2017)
M. Z. Liu, Y. Xiao, L. S. Geng, PRD98 (2018) 014040



Power counting breaking terms:

Dirac FF Pauli FF



rescattering effects                           resonances



Sachs Form Factor

electric and magnetic radii

electric radii for neutral baryons
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Phys. Rev. D 92,114515 (2015)



Contributions to μB for the double-charm baryons
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Summary

• The mass corrections and the form factors of doubly heavy 
baryons are calculated in the frame of EOMS scheme.

• The EOMS scheme keep the power counting. And we compare the 
difference of the results in HBCHPT  and EOMS scheme.

• We fit the Lattice data and predict the masses and the magnetic 
moments of doubly charmed baryons. Our results are consistent 
with other theoretical calculations and the LHCb measurement.




