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Generalized parton distributions
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Example: Unpol. quark GPD

P̄ =
P′￼+ P

2
, Δ = P′￼− P, t = Δ2, ξ = −

Δ+

2P̄+
Oγ+(λn) = ψ̄ (

λn
2

)γ+W(
λn
2

, −
λn
2

)ψ (−
λn
2

),

F(x, ξ, t) =
1

2P̄+ ∫
dλ
2π

e−ixλ⟨P′￼|Oγ+(λn) |P⟩ =
1

2P̄+
ū(P′￼)[H(x, ξ, t)γ++E(x, ξ, t)

iσ+μΔμ

2M ]u(P)

See also Mueller et al, FP 94’, Radyushkin, PRD 99’



Generalized parton distributions
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• Link PDFs and FFs
• Correlate transverse coordinate and 

longitudinal momentum of partons
• Shed light on nucleon spin and mass 

structure

Impact parameter distribution 

Angular momentum (Ji sum rule)

Jq =
1
2 ∫

1

−1
dx x[H(x, ξ,0) + E(x, ξ,0)]

Generalized parton distributions Burkhardt, PRD 00’

Ji, PRL 97’ & PRD 97’



Extraction of GPDs from DVCS

Moreover,

GPDs from phenomenology
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σ = σBH + σDVCS + σI

Very complicated to disentangle all these pieces



Complementary inputs from lattice QCD - moments

GPDs from lattice
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Constantinou, JHZ et al, PPNP 21’



Complementary inputs from lattice QCD - moments

GPDs from lattice
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Complementary inputs from lattice QCD - distributions 
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GPDs from lattice

Large-Momentum Effective Theory

Ji, PRL 13’ & SCPMA 14’, 
Ji, JHZ et al, RMP 21’

Quark PDF:

Example:

Xiong, JHZ et al, PRD 14’, Izubuchi et al, PRD 18’, Yao, Ji, JHZ, JHEP 23’
Factorization:

q[Γ](x) = ∫
dξ−

4π
eixP+ξ−⟨PS | ψ̄ (0)ΓU(0; ξ−)ψ (ξ−) |PS⟩

q̃[Γ](x) = ∫
dz
4π

e−ixzPz⟨PS | ψ̄ (0)ΓU(0; z)ψ (z) |PS⟩

q[Γ](x) = C ( x
y

,
μ

yPz ) ⊗ q̃(y) + 𝒪 (
Λ2

QCD

x2P2
z

,
Λ2

QCD

(1 − x)2P2
z )

From



Complementary inputs from lattice QCD - distributions 
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GPDs from lattice

Large-Momentum Effective Theory

Some state-of-the-art results

Yao, JHZ et al (LPC), PRL 23’

Nucleon quark transversity PDF Collins-Soper kernel

Tan et al (LPC), PRD 26’

See talks by Qi-An Zhang, Jin-Xin TanSee Peng Sun’s talk



Complementary inputs from lattice QCD - distributions 

9

GPDs from lattice

Hπ
u−d(x, ξ, t, μ) = ∫

∞

−∞

dy
|y |

C ( x
y

,
ξ
y

,
yPz

μ )H̃π
u−d(y, ξ, t, Pz) + h . t .

h̃lat(z, Pz, t, a) =
Pz

P0
⟨N( ⃗P +

⃗Δ
2

) | q̄(z)Γ(∏
n

Uz(n ̂z))τ3q(0) |N( ⃗P −
⃗Δ

2
)⟩

H̃π
u−d(x, ξ, t, Pz) = ∫

dz
4π

eixzPzh̃R
lat(z, Pz, t)

Factorization for GPDs
Ji, JHZ et al, PRD 15’ & Xiong, JHZ, PRD 15’

Chen, JHZ et al, NPB 20’
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Lattice results on GPDs
Quark GPDs of proton

Alexandrou et al, PRL 20’ Lin, PRL 21’

ξ = 0

Holligan et al, PRD 24’

Q2 = 0.39 GeV2

ξ = 0
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Lattice results on GPDs
Quark GPDs of proton

Impact parameter distribution

Lin, PRL 21’ & PLB 22’
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Lattice results on GPDs
Quark GPDs of proton

Results from asymmetric frame

Bhattacharya et al, PRD 22’, PRD 24’ & PRD 25’
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Lattice results on GPDs
Quark GPDs of proton

Results from asymmetric frame: moments from short-distance factorization

Bhattacharya et al, JHEP 25’
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Lattice results on GPDs
Quark GPDs of proton

Guo et al, PRL 25’See Yuxun Guo’s talk

Experimental and lattice inputs combined



Proton spin structure
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Jaffe-Manohar sum rule

• Complete decomposition into quark and gluon spin & OAM
• Gauge-dependent, but with clear partonic interpretation

1
2

=
1
2

ΔΣ + Lq + ΔG+Lg

Ji sum rule

• Frame- and gauge-independent
• Quark and gluon contributions related to the moments of GPDs

1
2

= Jq + Jg =
1
2

ΔΣ + Lq+Jg

Ji, PRL 97’

Jaffe and Manohar, NPB 90’

J = ∫ d3x[ψ†
f

Σ
2

ψf + ψ†
f (x ×

1
i

∇)ψf + Ea × Aa+Ei
a(x × ∇)Ai

a]

J = ∫ d3x[ψ†
f

Σ
2

ψf + ψ†
f (x ×

1
i

D)ψf +x × (E × B)]
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The total gluon helicity  can be measured by probing the spin-dependent 
gluon helicity distribution in polarized high-energy scattering experiments

Complicated nonlocal lightcone correlation, and reduces to            in the 
lightcone gauge
Difficult to calculate from theory

ΔG

ΔG = ∫ dxΔg(x)

Ea × Aa

A+ = 0

is still nonlocal

Proton spin structure
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 can be obtained by boosting the matrix element of the static operator 
 to the infinite momentum frame

 takes a nonlocal form in general, but reduces to  in the Coulomb 
gauge
Coulomb gauge approaches lightcone gauge under large Lorentz boost

 can be calculated by studying the matrix element 
 
 
in a large momentum nucleon state

ΔG
Ea × A⊥,a

A⊥ A

ΔG

(Pz → ∞) (Pz is finite)
Matching

Ji, JHZ, Zhao, PRL 13’

ΔG̃ = < PS | ⃗E × ⃗A |PS >C.G./univ.class

Proton spin structure

Hatta et al, PRD 14’



Lattice calculation 
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Yang et al, PRL 17’

Potential improvements:
• Nonperturbative renormalization
• Inconsistency between factorizations for  and  ΔG Δg(x)

Proton spin structure

Pang, Yao, JHZ, JHEP 24’
Both issues can be resolved simultaneously for appropriate choices of gluon operators 



Lattice calculation 
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Yang et al, PRL 17’

Potential improvements:
• Nonperturbative renormalization
• Inconsistency between factorizations for  and  ΔG Δg(x)

Proton spin structure

Pang, Yao, JHZ, JHEP 24’
Both issues can be resolved simultaneously for appropriate choices of gluon operators 

Two approaches to access :
• Calculate the nucleon matrix element of  in 

Coulomb gauge
• Calculate polarized gluon helicity correlation and 

integrate over 

ΔG
K0 /Kz

z



From topological current matrix element in a fixed gauge
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Zhao, JHZ et al (LPC), arXiv: 2512.24315

Proton spin structure

ΔG = 0.245(20)sta.(19)sym.See Dian-Jun Zhao’s talk



3D tomography is an important goal of the EIC/EicC program

In addition to phenomenological analyses, lattice QCD can provide 
valuable complementary information on GPDs

Validation of spin sum rule
The total gluon helicity  can be accessed through two different types 
of approaches on the lattice

From local operator matrix element in an appropriately fixed gauge
From the nonlocal correlation function defining the gluon helicity 
distribution 

Extension to quark and gluon OAM 

ΔG

Δg(x)

Summary and outlook
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