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We explore the complete cross-section for the production of unpolarized hadrons in semi-inclusive

deep-inelastic scattering up to power-suppressed O(1/Q2) terms in the Wandzura-Wilczek-type

(WW-type) approximation, which consists in systematically assuming that q̄gq-correlators are

much smaller than q̄q-correlators. Under the applicability of WW-type approximations, certain

relations among transverse momentum dependent parton distribution functions (TMDs) and frag-

mentation functions (FFs) occur which are used to approximate SIDIS cross-section in terms of

a smaller subset of TMDs and FFs. We discuss the applicability of the WW-type approximations

on the basis of available data.
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1. Introduction

TMDs and FFs are one of the main ingredients to study the 3-dimensional structure of the

nucleon. Although they are well defined matrix elements in QCD, their accessibility through ex-

periments is challenging. One powerful tool to study TMDs and FFs is the semi-inclusive deep-

inelastic scattering (SIDIS) process. The SIDIS cross section consists of 18 structure functions

(SFs) [1–3] which at leading twist can be expressed by a convolution over transverse momenta of

a TMD f and a FF D:

C

[

ω f D

]

= x∑
a

e2
a

∫

d2k⊥d2P⊥δ
(2)(zk⊥+P⊥−PhT ) ω f a(x,k2

⊥) Da(z,P2
⊥), (1.1)

with a weight function ω and at subleading twist, under the validity of factorization, can be ex-

pressed by a superposition of such convolutions. However, due to limited knowledge of higher-

twist TMDs and FFs at hand, one might want to investigate useful relations among TMDs (FFs).

WW-type approximation may be useful for this purpose. The approximation has first been estab-

lished for the twist-3 PDF gT (x) [4] and later for hL(x) [5]. By using the QCD equations of motion,

the operators defining those PDFs can be decomposed in terms of a twist-2 q̄q-term, a twist-3 q̄gq-

term and a current-quark mass term. We denote the last two collectively by functions with a tilde.

The tilde terms in gT (x), hL(x) were predicted in the instanton vacuum model [6, 7] to be small

compared to q̄q-terms. Neglecting the tilde terms is commonly known as WW approximation and

is also supported by lattice results [8,9]. The experimental data for gT show that the approximation

works within an accuracy of 40% or better [10].

2. WW-type approximation for TMDs and FFs

Using QCD equations of motion, one can decompose twist-3 TMDs and FFs into q̄q and

tilde terms. WW-type approximation generalizes the idea of WW-approximation to TMDs by

assuming |〈q̄gq〉|≪ |〈q̄q〉|. Since in TMDs and FFs we deal with unintegrated q̄gq-correlations,

we distinguish the approximation from the WW approximation and rather refer to them as WW-

type approximation. As a result of this approximation, all twist-2 and twist-3 SIDIS SFs can be

expressed in terms of 8 leading twist basis functions which include 6 TMDs ( f1,g1,h1, f⊥1T ,h
⊥
1 ,h

⊥
1T )

and 2 FFs (D1,H
⊥
1 ). Combining WW and WW-type approximations along with a Gaussian Ansatz

for transverse momentum dependence of the TMDs and FFs 1, enables us to calculate all SIDIS

SFs in terms of the 8 basis functions. Two of such relations are worth mentioning here [11]:

x ga
T (x) = x

∫ 1

x

dy

y
ga

1(y)+x g̃a
T (x)

WW
≈ x

∫ 1

x

dy

y
ga

1(y)
WW−type

≈
〈k2

⊥〉gT

2 M2
N

g⊥a
1T (x), (2.1a)

x ha
L(x) = 2x2

∫ 1

x

dy

y2
ha

1(y)+x h̃a
L(x)

WW
≈ 2x2

∫ 1

x

dy

y2
ha

1(y)
WW−type

≈ −
〈k2

⊥〉hL

M2
N

h⊥a
1L (x). (2.1b)

Exploratory investigations of TMDs on the lattice [12–14], can help us to test the WW-type approx-

imations. In these early works the transverse momentum dependent observables are not precisely

1The Gaussian widths of TMDs and FFs are denoted by 〈k2
⊥〉T MD and 〈P2

⊥〉FF , respectively.
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