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Light-front formalism

Instant form

xµ = (x0, x1, x2, x3)

Null-time surface x0 = 0

Light-front form

xµ = (x+, x−, x⊥)

x± = x0±x3
√
2

x⊥ = (x1, x2)

Null-time surface x+ = 0
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Fock expansion

Hadronic states can be expanded with Fock components weighted by
light-front wave functions (LFWFs):

|P⟩ = Ψqqq |qqq⟩+Ψqqqg |qqqg⟩+Ψqqqq̄q |qqqq̄q⟩+ ...
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LFWFs model

The model for LFWFs is defined at low energy scale (µ2 = 0.26GeV2)

Ψqqq(g)

(
{ξi}, {ki⊥}

)
∝ G

(
{ξi}, {ki⊥}

)
P
(
{ξi}

)
➤ 2D gaussian G

(
{ξi}, {k⊥i}

)
∼

∏
i e

−k2i⊥/ξi

➤ Polynomial term P
(
{ξi}

)
∼ ξr11 ξ

r2
2 ξ

r3
3 (ξr44 )

ri are determined by fits of valence quark distributions

PDF ∼
∫

[dξi ][d
2ki⊥] ΨqqqΨ

∗
qqqg
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Twist-3 PDFs

The generic twist-3 PDF f is given by the following Fourier transform:

⟨P, S | O(z1, z2, z3) |P,S⟩ ∼
∫
[dx ] e−iP+

∑
i xizi f (x1, x2, x3)

Φ
P P

x1 x3

x2

quark PDFs

O(z123) ∼ ψ̄(z1)F
µ+(z2) Γψ(z3)

Φ
P P

x1

x3x2

gluon PDFs

O(z123) ∼ Fµ+(z1)F
ν+(z2) F

ρ+(z3)
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Support of twist-3 PDFs

∫
[dx ] =

∫ 1

−1

dx1

∫ 1

−1

dx2

∫ 1

−1

dx3 δ(x1 + x2 + x3)

➤ xi longitudinal momentum fractions

−1 ≤ xi ≤ +1

➤ xi non-independent variables

x1 + x2 + x3 = 0
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Support of twist-3 PDFS

x1 > 0 antiquark emission

x1 < 0 quark absorption

x2 > 0 gluon emission

x2 < 0 gluon absorption

x3 > 0 quark emission

x3 < 0 antiquark absorption

[arXiv:2405.01162v2]
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Twist-3 evolution

• Quark PDFs:
T(x123),∆T(x123) ↔ S±(x123)

• Gluon PDFs:
T±

3F(x123) ↔ F±(x123)

where S± and F± are definite-C-parity distributions.

• Simmetries for (x1, x2, x3) → (−x3,−x2,−x1):

T (x123) = T (−x321)

∆T (x123) = −∆T (−x321)

T±
3F (x123) = T±

3F (−x321)
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1

4

(
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)
∆T (x123) = −1

4

(
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Twist-3 evolution

µ2
∂

∂µ2
S±

NSi = −a(µ2)HNSS
±
NSi

µ2
∂

∂µ2

(
S±

S
F±

)
= −a(µ2)

(
H±

qq H±
qg

H±
qg H±

gg

)(
S±

S
F±

)

➤ Non-singlet (NS) combinations evolve independently

➤ Singlet (S) contribution mixes with gluon (S±
S =

∑
f S

±
f )
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Initial scale functions (0.26 GeV2)

Td (x123) −Tu(x123)

∆Td (x123) ∆Tu(x123)
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Evolution of Tf

Td (x123) Q2 = 0.26 GeV2 Td (x123) Q2 = 25 GeV2 Td (x123) Q2 = 104 GeV2

−Tu(x123) Q2 = 0.26 GeV2 −Tu(x123) Q2 = 25 GeV2 −Tu(x123) Q2 = 104 GeV2
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Evolution of ∆Tf

∆Td (x123) Q2 = 0.26 GeV2 ∆Td (x123) Q2 = 25 GeV2
∆Td (x123) Q2 = 104 GeV2

∆Tu(x123) Q2 = 0.26 GeV2 ∆Tu(x123) Q2 = 25 GeV2 ∆Tu(x123) Q2 = 104 GeV2
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Evolution for other flavours

Ts (x123) Q2 = 0.26 GeV2 Ts (x123) Q2 = 4 GeV2

Ts (x123) Q2 = 100 GeV2
Ts (x123) Q2 = 104 GeV2
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Frame Title

[–]
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Frame Title

[–]
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Thank you
for your attention!
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