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At the subleading order
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Wandzura-WiIczek-tvpe Approximation

Qo L dy L WW Ldy ,
gr(x) = — g1 (y)+a7(z) = — g1 (), (3.2a)
r U . Y
, dy WW diy ,
hi (x) =:1-.rrf .?allw-l—.i'aLl:: | = 2 f — hily) . (3.2h)
| r U x U
s WW .
ré'(z) = 0, (3.2¢)

The relations (3.2a-3.2c) have been derived basically using operator
product expansion Techniques.

Wandzura, Wilczek PL B72 (1977) 195; Jaffe, Ji, NPB 375 (1992) 527; Kotzinian, Nucl. Phys. B441
(1995) 234-248; Kotzinian, Mulders, PRD54 1229 (1996); Mulders, Tangerman, NPB 461 (1996);

One uses QCD equations of motion to separate contributions from qq —
terms and qgg—terms (denoted with a tilde) and assumes that the latter
can be neglected with respect to the leading qgq—terms with a useful

accuracy. {ng}
(aq)

< 1.




In the T-even case one obtains the following approximations
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In the T-odd case one obtains the approximations
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Two very useful WW-type approximations follow from combining the
WW approximations (3.2a, 3.2b) with the WW-type approximations

(3.3e, 3.3f):
Lilja, , WW-type L dy
g7 | ) — 1k — _,.11 ( i I ,
r Y

T T 1
Lilya, , WW-type 9 i)
h () — —T
ML L
' H

Mulders, Tangerman, NPB 461 (1996);
Kotzinian, Mulders, PRD54 1229 (1996)

for FFs:
. WW-type .
D= Py = > Dz, P?),
WW-type 2 | |
Hiz. Pi = ——+ H%[_::.FE_].

<= JJ:,‘E

A. Bacchetta et al., JHEP 02 (2007) 093, [hep-ph/0611265].

— hily) -
;EJIE

(3.6a)

(3.6b)

(3.7¢c)

(3.7d)



xg(%)

Predictions from instanton vacuum model

Instantons form dilute medium characterized by a non-trivial small parameter

p/R=1/3, where p and R denote average instanton size and separation.
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Tests of WW approximation in DIS experiments
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Left panel: data from E144 and E155 experiments at <Q?>= 7.1 GeV-2.
Right panel: HERMES data for Q? > 1 GeV? with <Q?> = 2.4 GeV-.



Tests in lattice QCD
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Tests in models

Effective approaches and models such as bag, spectator, chiral quark-soliton, or
light-cone constituent models support the approximations (3.2a, 3.2b) for PDFs
within an accuracy of (10 -- 30)% at low hadronic scale below 1 GeV.
Applicability of WW-type approximations to FFs remains the least tested point

in our approach.



Basis functions for the WW-type approximations

6 leading—twist TMDs f{, fi®. ¢f. h{. hi® hif and 2 leading-twist FFs D¢, Hi“
provide a basis in the sense that in WW-type approximation all other TMDs and FFs can
either be expressed in terms of these basis functions or vanish. The experiment will tell
us how well the approximations work.

WW-type approximations are useful for the following two leading-twist structure
functions:
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where w is a weight funetion which in general depends on k| and P

We will use the so-called Gaussian Ansatz for the TMDs and FFs. This Ansatz,

which for a generic TMD or FF is given by
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Subleading twist structure functions in WW-type approximations
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Leading-twist A | and test of Gaussian Ansatz in polarized scattering
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Leading-twist Asmwh ~?2) Givers asymmetry
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Leading-twist Asmm"_l_m” ) Collins asymmetry
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Leading-twist A{o ") Boer—Mulders asymmetry

Arises from a convolution of the Collins fragmentation function and Boer-Mulders TMD
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Leading-twist Asmwr”""‘_wa} asymmetry
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Leading-twist AUL2¢“ Kotzinian—Mulders asymmetry
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Conclusions

1. A comprehensive and complete treatment of SIDIS azimuthal asymmetries in
WW-approximations was presented.

2. For leading-twist SIDIS structure functions for the production of unpolarized
hadrons factorization is proven, and each structure functions is expressed in
terms of one of 6 basic twist-2 TMDs convoluted with one of 2 twist-2 FFs.

3. For subleading-twist the situation is far more complex for two reasons.
First, factorization is not proven and must be assumed. Second, each of the
functions receives several contributions from various TMDs and FFs one of
which is twist-2 and the other twist-3.

4. Most importantly, we have conducted systematic tests of WW approximations
with available published or preliminary data from HERMES, COMPASS, and JLab.

5. The results are useful for experiments prepared in the near term (JLab 12) or
proposed in the long term (Electron lon Collider), and provide helpful input
for Monte Carlo event generators.

Remark: The generalized parton model approach of M. Anselmino et al. (PRD83

(2011) 114019) provides a description that is largely equivalent ¢o ours. 27
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