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•Various systems and constructed chiral Lagrangians:

  Pseudoscalar mesons

  Light quark baryons

  Heavy quark hadrons

LECs in baryon ChPT and chiral quark model

B: octet
T: decuplet

3



•Increasing number of LECs in the SU(3) light hadron case
  
  Pseudoscalar mesons:

  Light quark baryons
   

LECs in baryon ChPT and chiral quark model

S.Z. Jiang et al., PRD 95, 014012 (2017)

S.Z. Jiang et al., PRD 97, 054031 (2018)
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•LEC → hadron masses, hadron-hadron scattering, phase 
shifts, ...

•Difficult to determine LECs from QCD
•Fitting experimental data, lattice QCD, resonance saturation, 

quark model, ...
•Here: focus on LEC relations using chiral quark model (�QM)
•Fields between ���� and ���� in �푄�: quarks, gluons, 

and goldstone bosons  [A.Manohar, H.Georgi, Nucl.Phys.B 234, 189 (1984)]

LECs in baryon ChPT and chiral quark model
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•Coupling constant in �QM

LECs in baryon ChPT and chiral quark model

黄飞：PhD

SU(2) LO Lagrangian
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•Extend relation determination to higher chiral orders
•Purpose: constrain SU(3) from SU(2)
•Treating �QM as quark-level descriptions of ChPT

LECs in baryon ChPT and chiral quark model
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•Final: LEC relations between hadron-level Lagrangians

•Need high-order Lagrangians in �QM (bridging role)

•Results of QM symmetry: SU(2), SU(3), and different 
representations for quarks and baryons

•A systematic approach to get LEC relations

•Grouping is needed according to operator structures

LECs in baryon ChPT and chiral quark model
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LECs in baryon ChPT and chiral quark model

10



LECs in baryon ChPT and chiral quark model
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LECs in baryon ChPT and chiral quark model
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LECs in baryon ChPT and chiral quark model
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•Nonrelativistic reduction and adopted approximation
LEC relations in baryon ChPT

two-quark
spectator
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•Structure correspondences
LEC relations in baryon ChPT

D. Drechsel, Nuovo Cimento A 76, 388 (1983)
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LEC relations in baryon ChPT
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LEC relations in baryon ChPT: ChPT⇔�QM
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nc.: SU(2) gives no constraintLEC relations in baryon ChPT: �QM ⇔�QM,  ChPT⇔ChPT
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← s quark as spectator

Numerical analysis: corrections become important for high-order LEC relations

LEC relations in baryon ChPT
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•Rarita-Schwinger field
The case including �(ퟏퟐ�ퟐ) 

Hemmert et al., J. Phys. G 24, 1831 (1998) 20



The case including �(ퟏퟐ�ퟐ) 

Introduced multiplication factor

Hemmert et al., J. Phys. G 24, 1831 (1998)
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The case including �(ퟏퟐ�ퟐ) 

Define transition spin ��� :
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The case including �(ퟏퟐ�ퟐ) 
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The case including �(ퟏퟐ�ퟐ) 

Value of �1:
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Hemmert et al., J. Phys. G 24, 1831 (1998)

Bernard et al., Int. J. Mod. Phys. E 4, 193 (1995)



The case including �(ퟏퟐ�ퟐ) 

Phenomenological perspective
• J=1/2 case operator correspondence �ℎ����� ↔ ������

• Present operator correspondence

• Present operator correspondence 

:                           transits           to the same state.

:              transits          to           .

:          transits           to the same state.
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The case including �(ퟏퟐ�ퟐ) 
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The case including �(ퟏퟐ�ퟐ) 
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The case including �(ퟏퟐ�ퟐ) 
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The case including �(ퟏퟐ�ퟐ) 
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The case including �(ퟏퟐ�ퟐ) 
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Summary

With structure correspondences, obtain LEC relations up to �(��) in 

baryon ChPT using �QM.

Find several structure correspondences for the case including �(ퟏퟐ�ퟐ) 
and multiplication factors (��) are introduced.

Ongoing work: heavy quark hadron case and further studies of ��.
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Thanks for your attention!

32


