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Why higher twists?

18 Structure Functions in SIDIS  Only 8 with LP TMDs 

Can we describe the other structure functions? 

Can we predict the magnitude of them? 

Do these structure functions provide new insights into proton 
structure?

→
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Twist 3 in SIDIS
Kinematic NLP corrections  

                                              

                                                  

                Genuine NLP corrections   
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Twist 3 TMDPDFs
b FT↔ kT

Φμ
21(z1, z2,0; b)

Φμ
12(z1, z2,0; b)
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Twist 3 TMDPDFs
Quark-gluon correlations 

32 Twist 3 TMDs  

Physical distributions: 

 Φμ
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1
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Matching Relations
In the small  regime:

 
b

fi(x1, x2, x3, b) = ∑
j

Cij(x1, x2, x3, b) ⊗ fj(x1, x2, x3) + O(b2)
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Constraint on TMDs functional form 

Predictions for TMD observables in the small  region 
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Matching Relations
In the small  regime:

 

Constraint on TMDs functional form 

Predictions for TMD observables in the small  region 

b
fi(x1, x2, x3, b) = ∑

j

Cij(x1, x2, x3, b) ⊗ fj(x1, x2, x3) + O(b2)

b

fj(x1, x2, x3) ∈ {T, ΔT, E, H}
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The technique
1. Compactification of the correlator  ∓∞ → L
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The technique
1. Compactification of the correlator  

2. Expansion of the operator around  and expansion of the fields 
around  

∓∞ → L

b = 0
zi = L
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The technique
1. Compactification of the correlator  

2. Expansion of the operator around  and expansion of the fields 
around  

3. Twist decomposition 

∓∞ → L

b = 0
zi = L
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The technique
1. Compactification of the correlator  

2. Expansion of the operator around  and expansion of the fields 
around  

3. Twist decomposition 

4. Forward matrix element, limit  and Fourier transform to 
the space of partons fractions of momentum

∓∞ → L

b = 0
zi = L

L → ∓ ∞
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Results

 

 

 

h⊕(x1, x2, x3, b) = E(x1, x2, x3)

+
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4 )
n
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 Leading Term  Mass Series
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Results

 

Wandzura-Wilczek like relation

hD⊥
⊖T(x1, x2, x3, b) = − x3 ∫

1

0
duH ( x1

u
,

x2

u
,

x3

u ) + O(x2
3 M2b2)
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Results

 

 

7 twist 3 TMDPDFs match onto twist 3 PDF 

h⊕(x1, x2, x3, b) = E(x1, x2, x3)

+
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{f⊕T, g⊖T, h⊕, h⊖L}, {f⊥
⊕L, g⊥

⊖L, hD⊥
⊖T}
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Application to SIDIS

 

No kinematic corrections 

Magnitude of Genuine NLP corrections 

Fsin ϕ
LU ∝ h⊕ ⊗ H⊥

1
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Application to SIDIS

 Fcos ϕ
UU ∝ (h⊕ ⊗ H⊥

1 ) δ(x2) + kin

h⊕(−x,0,x, b) ≈ π−1h⊥
1 (x, b) ⇒ Fcos ϕ

UU,QS−like ≳
2M
Q

Fcos 2ϕ
UU,T
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Application to SIDIS

 

: interplay between different TMDPDFs 

 

 

∙ Fsin 2ϕ−ϕS
UT ∝ hD⊥

⊖T ⊗ H⊥
1 + kin

∙ Fsin ϕ
UL , Fcos ϕ

LL , Fsin ϕS
UT , Fcos ϕS

LT

∙ Fcos 2ϕ−ϕS
LT ∼ NLO
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Why higher twists: new insights in proton structure and 
phenomenology 

Twist 3 TMDs: quark-gluon correlations 

Technique: OPE + twist decomposition 

Results: leading term + mass corrections’ series 

Application to SIDIS: simplification in NLP structure functions

Summary
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