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Deeply virtual Compton scattering

✦Forward Compton scattering                        Deeply virtual Compton scattering 

✦ Parameters in GPDs: 

      Skewness: �                The square of transfer momentum: �

      Average quark momentum fraction:  �

ξ = −
Δ ⋅ n
2P ⋅ n

= −
Δ+

2P+
t = Δ2 = (p′�− p)2

x =
k+

P+

Ji, PRD 55(1997)
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Unpolarized quark GPDs of nucleon

• Matrix element of the unpolarized quark GPDs in the proton: 

                    �  


• Parton distribution function(� ): 

� 


• Dirac and Pauli form factors: 

� 


ξ = t = 0

Hq(x > 0,0,0) = q(x), Hq(x < 0,0,0) = − q̄(−x)

Fq
1 (t) = ∫

1

−1
dx Hq(x, ξ, t), Fq

2 (t) = ∫
1

−1
dx Eq(x, ξ, t)
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Nonlocal chiral lagrangian

•The local interaction between proton, �  and Kaon: 

                                                 


•Corresponding nonlocal Lagrangian:   

           


•Nonlocal Lagrangian is invariant under the following gauge transformation: 

      � 


Λ

F. He and P. Wang, PRD(97), 2018 
F. He and P. Wang, PRD(98), 2018
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Comparison of local and nonlocal cases

• Expand the nonlocal Lagrangian 

Vertexes Feynman rules in  
local case

Feynman rules in 
nonlocal case

           Nonexistence

D + 3F

12f
kμγμγ5

D + 3F

12f
γμγ5

D + 3F

12f
kμγμγ5F(k)

D + 3F

12f
γμγ5F(k)

D + 3F

12f
kνγνγ5 [F(k + q) − F(k)](2k + q)μ

2k . q + q2

F(k) is the Fourier transformation of F(x-y)

(Additional vertex)
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F(k) =
(Λ2 − M2

K)2

(Λ2 − k2)2



Nucleon electromagnetic form factors

•Numerical results of nucleon electromagnetic form factors with nonlocal 
chiral effective theory

Solid line: �  

Dashed line: �  

Dash-Dotted line:  �

1/(1 + Q2 /0.712)2

GE
P

GM
P /μP

�

  

F(k) =
(Λ2 − M2

K)2

(Λ2 − k2)2

The best choice for �  is about 1GeV !Λ

F. He and P. Wang, PRD(98), 2018

�Λ = 1GeV
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Convolution formula for GPDs

Matrix element for GPDs in quark level: 

�     where    � 


� 


Where �  is twist-2 hadron operator,  �  is quark valance GPD in hadron state H.

Vq =
1
2 ∫

dz−

2π
eix(Pz) < p′�|Oq |p > |z=λn , Oq = q̄(−

1
2

z)γ+q(
1
2

z)

Vq =
1
2 ∑

H
∫

1

0
dy θ(0 ≤

x
y

≤ 1) × qv
H(

x
y

,0,t) × ∫
dz−

2π
eiy(Pz) < p′�|OH |p >

OH qv
H(

x
y

,0,t)

Match to the hadron level

Splitting functionInput GPD
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① Hadron operator for �  :     �  

② The hadron matrix element can be written as 

� �  

•  Rainbow diagram 

③ Sea quark GPDs in the proton can be obtained by the following 
convolution formalism: 

�  

�  is the valance quark GPD in � , we use the phenomenological expression  

π+ Oπ+ = π−(
z
2

)∂+π+(−
z
2

) − ∂+π−(
z
2

)π+(−
z
2

)

VH = ∫
dz−

2π
eiy(Pz) < p′�|Oπ+ |p > = ū(p′�){γμ f(y,0,t) +

iσμνqν

2mN
g(y,0,t)} u(p),

Hd̄(x,0,t) = ∫
1

x

dy
y

Hd̄
π+(

x
y

,0,t)f(y,0,t), Ed̄(x,0,t) = ∫
1

x

dy
y

Hd̄
π+(

x
y

,0,t)g(y,0,t)

Hd̄
π+(

x
y

,0,t) π+

Splitting functions

Sullivan process
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�Hd̄
π(x,0,t) = d̄π(x)Fπ(t)

M. Aicher, A. Schafer and W. Vogelsang, 
PRL105(2018), 252003
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Numerical results (� )ξ = 0
xHd̄−ū(x, t) xEd̄−ū(x, t)

xHS−S̄(x, t) xES−S̄(x, t)
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F. He et al., in preparation



sea quark asymmetry(�  ) 

The lowest momentum: 

� ,        �  

The second momentum for strange quark: 

� , 

NNPDF at Q = 1GeV :�  (More recently) 

                                                                                                    

Λ = 1GeV ± 0.1GeV, Q2
0 = 1GeV2

< d̄ − ū > = ∫
1

0
(d̄(x) − ū(x))dx = 0.090 − 0.131 < d̄ − ū > = 0.118(12)

< xs− > = < x(s − s̄) > = ∫
1

0
x(s(x) − s̄(x))dx = 0.0007 − 0.0021

< xs− > = 0.0009 − 0.0053

E866 collaboration

 W. Bentz, et.al,PLB 693 (2010) 

E866

�Q2 = 54GeV 2 �Q2 = 1GeV 2

Numerical results (sea quark flavor asymmetry)
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F(k) =
(Λ2 − M2

K)2

(Λ2 − k2)2

F. He et al., in preparation



Strange Dirac and Pauli Form factor: 

�              �        

Strange Electromagnetic Form factor: 

                    

FS
1 = ∫

1

0
{HS(x,0,t) − HS̄(x,0,t)}dx FS

2 = ∫
1

0
{ES(x,0,t) − ES̄(x,0,t)}dx

Numerical results (Strange form factors)

Lattice result(� QCD) 
R. Sufian et al,. PRD 96,114504 (2017)

χ
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F. He et al., in preparation



Summary and Outlook

In summary 

We proposed a nonlocal and gauge invariant chiral Lagrangian, the cut-off is naturally 
introduced in this method. 

We calculate the sea quark zero-skewness GPDs, the asymmetry of sea quark PDF and 
strange electromagnetic Form factor can be got from GPDs, which are consistent with 
experimental or Lattice results. 

In outlook 

We can extend our method to calculate the nonzero skewness GPDs, polarized GPDs… 

This method also can be used to calculate the transverse momentum dependent PDFs.
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Thank you for your attention!


