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Three phenomenological models

Perturbative chiral quark model
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Nucleon electromagnetic form factors
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Non-local quark-meson coupling model
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pion form factor pion —> 2 gama 
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Finite-Range-Regularization

Λ = 0.8 GeV
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Second quantization, Canonical quantization
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Path integral method

Ultraviolet Divergence, Dimensional Regularization
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Solid quantization

●●
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Nonlocal Lagrangian
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Relativistic case

Point particle

Pauli-Villars
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P. Wang, Chin. Phys. C 35 (2011) 223

 P. Wang, Eur. Phys. J. A 50 (2014) 172



Nonlocal effective Lagrangian

Motivation:

Finite-range-regularisation Relativistic regulator

         Heavy baryon EFT                        Covariant EFT

Gauge symmetry distroyed            Gauge symmetry restored  

Ward identity, Charge conservation, Renormalised nucleon charge

Gauge invariant nonlocal chiral effective Lagrangian

Regulator derived from the Lagrangian

Solution:

Make it possible to study hadron structure at relatively large Q^2
                       FFs, PDFs, GPDs, TMDs, … …
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Simplified version
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Local interaction including pi meson

Corresponding nonlocal Lagrangian

Local EM interaction

Corresponding nonlocal EM interaction

EM currents with pi meson:
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The Lagrangian is gauge invariant under the following transformation: 

= 1

Parameters:

Correlation function: = 0.85 GeV

c1 , c2 are determined by the proton and neutron magnetic moments 2.79 and -1.91.

Parameters in traditional ChPT:  c1,  c2,  c3,  c4,  c5,  c6
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Nucleon Form Factors

T. Fuchs, J. Gegelia, S. Scherer, J. Phys. G30 (2004) 1407
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Nucleon Form Factors

F. C. He and P. Wang, Phys. Rev. D97 (2018) 036007 

<rM>p = 0.848  (0.836)   

<rE>p = 0.857   (0.847) 

<rM>n = 0.867  (0.889) 

<r^2_E>n  = -0.077 (-0.113)

fm 

fm 

fm 

      fm^2
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Strange form factors

F. C. He and P. Wang, Phys. Rev. D98 (2018) 036007 
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Parton distribution functions 
Splitting functions

One loop diagrams:
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Dipole form factor:

On-shell contribution:

Splitting functions
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Delta function terms:

the delta function terms are the same as our previous point particle result.
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General regulator:
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On-shell contribution:

Y. Salamu, C. R. Ji, W. Melnitchouk and P. Wang, Phys. Rev. Lett. 114 (2015) 122001.
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End-point term:

Local limit:

Delta term:
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Relationships between splitting functions:

Gauge invariance of nonlocal Lagrangian, net strangeness zero.

Y. Salamu, C. R. Ji, W. Melnitchouk, A. W. Thomas and P. Wang, Phys. Rev. D 99 (2019) 014041.
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Numerical results of PDFs  

dbar-ubar asymmetry:

strange-antistrange quark asymmetry: 

 33



Input PDFs of valence at tree level:

valence quark  
in mesons:

valence quark  
in baryons:

quark distributions  
For KR diagrams:
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Lambda determination
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dbar - ubar asymmetry 

Y. Salamu, C. R. Ji, W. Melnitchouk, A. W. Thomas, P. Wang and X. G. Wang, arXiv:1907.08551.
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Lambda determination
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s-sbar asymmetry

Y. Salamu, C. R. Ji, W. Melnitchouk, A. W. Thomas, P. Wang and X. G. Wang, arXiv:1907.08551.
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Sivers function
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Pion Sivers function in proton:
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Convolution form:

The first moment of Sivers function:
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Numerical results:

Fangcheng He and P. Wang, arXiv:1904.06815
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Nonlocal behaviour is general for all the interactions?


Nonlocal QED?
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Ward identity:
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Pauli form factor:

Q, Lambda >> m:
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Numerical results:
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Fangcheng He and P. Wang, arXiv:1901.00271

!48



Summary  

• Nonlocal Lagrangian is constructed by introducing the correlation function and the gauge link.


• Correlation function generates the relativistic regulator and the loop integral is convergent.

• Gauge link guarantees the locally gauge invariance and generate additional diagrams.

• When Lambda goes to infinity, all the formulas are the same as those in the local case.

• At finite Lambda, the LNAs are the same as those in the local case.

• The nonlocal Lagrangian can be applied to study hadron properties at relatively at large Q^2.

• Without fine-tuning, the agreement between the calculation and experiment is very good.

• The nonlocal behaviour could be the general property for all the interactions.

• Pauli form factor of lepton is the unique quantity to test the point particle assumption.

• For what ever Lambda, the relative deviation R is always significant as long as Q^2 is large enough.

• … …
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The End !
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