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1. Nonlocal Regularization of  UV divergence

◼ Nonlocal Regularization of UV Divergence

local * nonlocal *4

t inin t[ [ (( ), ( )] ( ) () , )]x x y xd yF x y   → −L L

E. Di Grezia,Mod.Phys. 6, 201–218 (2009)
L. Buoninfante, Nucl. Phys. B 944,114646 (2019)

gauge invaricne is violated

◼ UV arises from the ill-defined nature of the product of two local field operators at the same space-time 
point.

◼  Nonlocal  interactions ameliorate the UV aspects of QFT at short distances and small time scales.
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◼ Gauge transformation of  bilocal operator 

† '( ) '( )y x 

† ( ) ( , ) ( )y W y x x 

◼ Introduction of the Wilson line

† †( ) ( ) ( ) ( )y U y U x x 

◼ Gauge transformation of the gauge field Wilson line operator 

†'( , ) ( ) ( , ) ( )W y x U y W x y U x=

◼ Gauge transformation of  scalar field
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◼ Parameterization of Gauge Field Wilson line  operator ：Solusion of Parallel Transport Equation
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◼ With the help of Wilson line operator，nonlocal operator is gauge invariant.† ( ) ( , ) ( )y W y x x 



2.The Relation between the Nonlocality and Wilson Loop Operators  
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◼ Definition of the gauge Field Wilson operator

Nonlocal fields have the same  

gauge  transformation behaviors

◼ Nonlocal fields 



◼ Gravitational Parallel Transport Equation

Alternatively, gravitational Wilson line operator  is defined in terms of the path length of a massive particle 
in curved spacetime.

H. W. Hamber,Nucl.Phys. B435 (1995)
J. S. Dowker,Proc. Phys. Soc. 92  (1967)
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◼ Gravitational Wilson line operator   Not consistent with double copy 
correspondence  of gauge field 
and gravity
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◼ Gravitational Wilson 
line operator
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3.Nucleon -pion nonlocal PS interaction in the curved  space-time 

Nucleon -pion nonlocal PS interaction in the curved  space-time 
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Nucleon -pion nonlocal PS interaction
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Energy-momentum tensor for Nucleon-pion PS interaction



Gravitational  Form  Factos：
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Gauge Invariance：
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Definition of Gravitational Form Factors of Nucleon

4.Loop corrections  to the  EMT& gauge invariance
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Pion one loop correction to the Nucleon self-energy
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Nonlocal regulator 

where  

2 ( ) 1F k =%Local limit 



solid lines ---- nucleon ，                 dashed lines--- pions ，    ●-—- couterterm vertex        
      

     ——guage link vertex， ⊕--matter-gravity coupling vertex ☒

Loop corrections  to the  EMT 
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◼ Conservation of  nonlocal EMT 



5.Nucleon gravitational form factors  in nonlocal  chiral perturbation theory    
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◼ Leading order order Nucleon-pion interactions 
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Gravitainal Wilson line operator for vector field  
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◼ Next-leading order order Nucleon-pion interactions 
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◼  Nucleon-gravity nonminmal coupling 
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◼ Pion mass depenency of Nucleon mass 

Nex-leading order   low-energy coupling constants (LECs) can be    fitted to the Lattice data 

Local  Renormalization(EOMS  method) Nonlocal Renormalization  

A. Walker-Loud. Phys. 
Rev. D 79 (2009)
 S. Aoki Phys. Rev. D 
79 (2009)



Determination of   LECs  with EOMS  renormalization  

Determination of   LECs  in nonlocal framework   

◼ In the nonlocal case,  next-leading order LECs  are  very small  compared to  local one.



-dependency of local gravitational form factors                                 and angular momentum

compared with lattice data

2Q 2 2 2( ), ( ), ( )A Q B Q D Q 2( )J Q



-dependency of nonlocal gravitational form factors                                 and angular momentum

compared with lattice data

2Q 2 2 2( ), ( ), ( )A Q B Q D Q 2( )J Q

2Q◼ In the nonlocal case,       -dependency of  gravitational form factors are  in good agreement with lattice 

data over  momentum  transfer region                    .                               2 20 1GeVQ 

D. C. Hackett, 

Phys. Rev. Lett. 

132 (2024)



Conclusions 

◼ Nonlocal renormalization  the  improves     -dependency of gravitational form factors in the large 

momentum transfer region.

2Q

◼  The gravitational and gauge field Wilson line operators are derived from nonlocal field operators in an 

analogous way.

◼  In the nonlocal framework, LECs proved to be smaller than their local counterparts.

◼ With the help of gravitational Wilson line operator , the nonlocal EMT is still conserevd.



Thanks !
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