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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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 Nonlocal EFT 



The Lagrangian is gauge invariant under the following transformation: 

 Nonlocal EFT 
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 Nonlocal EFT 
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Nucleon electromagnetic 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)	
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Form Factors 
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Nucleon form factors in traditional ChPT:

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

Form Factors 
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Strange form factors 

F. C. He and P. Wang, Phys. Rev. D98 (2018) 036007 

Form Factors 
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Form Factors 

Light sea quark form factors 
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Form Factors 

Light sea quark form factors 

M. Y. Yang and P. Wang, Chin. Phys. C44 (2020) 053101
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Form Factors 

Octet form factors 

M. Y. Yang and P. Wang, Phys. Rev. D102 (2020)  056024 
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Form Factors 
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Form Factors 

M. Y. Yang and P. Wang, Phys. Rev. D105 (2022) 016006 12 



Match quark operator  
to hadron operator: 

Parton Distributions Functions 
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dbar - ubar asymmetry  

Y.	Salamu,	C.	R.	Ji,	W.	Melnitchouk,	A.	W.	Thomas,	P.	Wang	and	X.	G.	Wang,	
Phys.	Rev.	D	100	(2019)	094026	

Parton Distributions Functions 
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s-sbar asymmetry 

Y.	Salamu,	C.	R.	Ji,	W.	Melnitchouk,	A.	W.	Thomas,	P.	Wang	and	X.	G.	Wang,	
Phys.	Rev.	D	100	(2019)	094026	

Parton Distributions Functions 
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F.C. He, C.R. Ji, W. Melnitchouk, Y. Salamu,  
A.W. Thomas, P. Wang and X.G. Wang, 
Phys. Rev. D 105 (2022) 094007 

Parton Distributions Functions 
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Parton Distributions Functions 

Generalized PDFs 
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Parton Distributions Functions 
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Parton Distributions Functions 

F.C. He, C.R. Ji, W. Melnitchouk, A.W. Thomas and P. Wang, Phys. Rev. D 106 (2022) 054006 
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Nucleon form factors and parton distributions in nonlocal chiral effective theory,  
Prog. Part. Nucl. Phys. 129 (2023) 104017 
Generalized parton distributions of sea quarks in the proton from nonlocal chiral effective 
theory, Phys. Rev. D 106 (2022) 054006 
Helicity-dependent distribution of strange quarks in the proton from nonlocal chiral 
effective theory, Phys. Rev. D 105 (2022) 094007 
Sea quark contributions to the electromagnetic form factors of Sigma hyperons,  
Phys. Rev. D 105 (2022) 016006 
Electromagnetic form factors of octet baryons with the nonlocal chiral effective theory,  
Phys. Rev. D 102 (2020) 056024 
Strange quark helicity in the proton from chiral effective theory, 
Phys. Rev. D 102 (2020) 116020 
Sivers distribution functions of sea quark in proton with chiral effective theory, 
Phys. Rev. D 100 (2019)074032 
Parton distributions from nonlocal chiral SU(3) effective theory II: Flavor asymmetries,  
Phys. Rev. D 100 (2019) 094026 
Parton distributions from nonlocal chiral SU(3) effective theory I: Splitting functions,  
Phys. Rev. D 99 (2019) 014041 
Strange form factors of nucleon with a nonlocal chiral effective Lagrangian,  
Phys. Rev. D 98 (2018) 036007 
Nucleon electromagnetic form factors with a nonlocal chiral effective Lagrangian,  
Phys. Rev. D 97 (2018) 036007 
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Nonzero 
skewness 
GPDs: 
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Gravitational Form Factors 
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How to calculate the gravitational form factors with nonlocal interaction? 

Electromagnetic interaction: 
local U(1) symmetry  

Gravitational Interaction: 
Local translation invarance 

Local translation: 

To cancel the second line: 

Transformation of h: 
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Leading order: 

Next-to leading order: 
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Invariance under the symmetric and traceless 
transformation: 

Belinfante-Rosenfeld 
EM tensor: 
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Leading order: Next-to-Leading order: 

Proca 
Lagrangian: 
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The above Lagrangian is the same as the linear approximation of general 
relativity where hµν is a weak field. It is only invariant under the infinitesimal local 
translation. 
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Equation 
of motion: 
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The equation is comparable with that for the metric hµν in the linear approximation of 
general relativity, where hµν = gµν − ηµν and gµν is the metric tensor of curved 
spacetime. 
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= 1.75“ + 1.0”  x 10^-5 

Translation gauge field theory of gravity in Minkowski spacetime, H. Li and P. Wang, Chin. Phys. C 
(Accepted). 40 



There are some major differences between ours and previous gauge gravity theories：  
1)  Our Lagrangian is invariant under the finite translation transformation, while the previous 

Lagrangian is invariant under the infinitesimal transformation. As a result, the corresponding 
transformation of gravitational field hµν in this manuscript is always associated with the derivative. 
The transformation of hµν itself can be obtained order by order.  

2)  Our gravitational field hµν has nothing to do with the metric. The metric gµν in our Lagrangian is 
always ηµν. The gravitational field hµν is an independent quantity. Due to the translation 
invariance of the Lagrangian, one can choose different “gauge” for hµν. While in previous gauge 
theories, the gravitational field was proved to be vierbein (tetrad) field and related to the metric. 

3)  Based on the local translation invariance, the interactions between hµν and matter fields with spin 
0, 1/2 and 1 are obtained. Except the interaction between hµν and spin-1/2 field, there exist high-
order interactions. In particular, the interaction between hµν and electromagnetic field Aµ is not 
locally U(1) invariant. In addition, our Lagrangian for the gravitational field is obtained from the free 
Lagrangian for spin-2 field with the requirement of locally translation invariance. The obtained 
Lagrangian is also different for previous gauge theories.  

4)  We describe gravity in the same frame as that for the other interactions in the standard model. The 
result obtained with our Lagrangian is different from that with general relativity. While previous 
gauge theories of gravity lead to the so called “new general relativity”, which is teleparallel 
equivalent to the Einstein’s general relativity. The “vierbein” approach can be regarded as another 
formalism to derive Einstein’s equation. 
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Total A(0) = 1,  Total B(0) = 0 
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Nonlocal behavior is general for all the interactions? 
Nonlocal EFT (Nucleon structure, FFs, PDFs)  

Nonlocal QED (lepton g-2)， Nonlocal Gravity (Gravitational FFs) 
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photon propagator: 

n = 2, 3, 4 
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Solution of lepton g−2 anomalies with nonlocal QED, H. Li and P. Wang, J. Phys. G (Accepted). 
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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.

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

•  EM form factors, strange form factors, light sea quark form factors, octet form factors, gravitational  

    form factors, unpolarized PDFs, polarized PDFs,  GPDs, TMDs … …

•  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.
•  Lepton g-2 anomaly can be explained in nonlocal QED.
•  Gravity can be described in the same framework as other interactions in SM.
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The  End  
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