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1 Introduction

Deep Inelastic lepton-nucleon scattering is a powerful source of the information 
on spin structure of the nucleons (see, for example,[ I ]). According to the recent 
experimental data of HERMES and COMPASS [2]—[5] the quark and antiquark 
bear 33-35% of nucleon spin, light antiquarks u, d contribution is near to zero 
and the strange quarks have the negative polarization -  5-10%. Gluon contri­
bution to the spin of nucleon is not so big as it has been supposed at first and 
according experimental data is < 0.3 — 0.4. The nucleon spin problem requires 
the further experimental research of all contributions.

In the present work the possibilities of determination of the quark contribu­
tions to the nucleon spin based on observable asymmetries of Zpsemi-inclusive 
deep inelastic scattering (SIDIS) with the charged weak current are considered.

2 The cross section and polarized asymmetries

Let us consider the process of semi-inclusive deep inelastic Ip—scattering with 
charged weak current

£ + p —>z/ +  /i +  X . (1)

The differential cross sections of the process (1) in the case of a lepton have the 
form
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а і - 2 PX  +  Ух
q ^

+PN  к  (2)
\9i.9j ЧіЛг /  )

where q = u ,c ,t ,  q = d, s, b.
In the case of an antilepton the cross sections look like

= 2 p z N 2£ q , ( x ) D ^ z ) ^
gi,q3 QĵQi

+PN  к  (3)

\  q̂ Qj qj^i /  )

where q = d, s, b, q = u, c, t.
d3a G2s /  m 2 \ 2 .

H e r e  a  = , , . > P = 2 , 02  , Уі =  1 -  У, G is Fermidxdydz 27? y m ^  + Q z у
Q2 p-q

constant, m w  is the W-boson mass, x  = ------, у = — Q = — q" —
zp- q p- к

— (к — к’)2 , s = 2p-k, k(k') and p are the initial (final) lepton and proton 
4-momenta, respectively, PN  is the degree of longitudinal polarization of pro­
ton, q (x){^q (x ))/ q ( x ) ( k q ^ ^  are the unpolarized (polarized) quark/antiquark 
distribution functions, D q(z)(D ^(z\) are the fragmentation functions of quark 
(antiquark) with flavor q to the hadron h.

We define the polarization asymmetries in the form of [7]

л h.+  —h.

A h
±

+~h

тт 
e-,e+
.mt , „mt ’ f-,«+ x+

(4)

(5)

152



The first arrow corresponds to the helicity of the initial lepton (J,) or antilepton 
(t)  and the second -  to the polarization degree of the proton: f  (PN = +1), 
;  (p N  =  - i ) .

Let us consider the case h =  7г+ . From equations (4), (5) for the case of a 
proton targets for asymmetry we have

Д7г + -’г — -  y ^ d ^ D f - ^ z )
(6)u ( x ) D ^ ^ - ( z ) + y ld ( x ) D l + ^ ( z )  ’

/И+ —ь-  — -  ^ x ) D f - ~ ( z )
(7)y ld ( x ) D ^ - ”- ( z ) + u ( x ) D ^  ’

Д 7 Г + - 7 Г -  _ { ^ x ) D ^ ~ ^ ( z )  -  y ^ d ^ D f ^ z )  +

/ { U (x)D *+ - ”- ( z ) + y ^  -

- d ( x ) D f ^ - ( z ) )  -  u ( x ) D f ^ - ( z ) Y (8)
Д 7 Г + - 7 Г -  _ { ^ d x ) D ^  ^ ( z )  -  y l ^ d ( x ) D f - ^ ( z )  -  

- M ( X )D :+ ~ ^ ^  -  A u D f  ̂ ) } /  

/ { u ( z ) D * ; - ^ z ^ ^  +

+ d ( x ) D ^  ( z ) ) + u ^ ^ ^ ^ (9)

Taking into account the correlations [8],[9] for тг—meson fragmentation func-
tions

-7Г ___  ___  Г Ч 7 Г + —  7Г 7“Ч7Г+ — 7Г ___  ___  Г ) 7 Г + —  7Г

asymmetries (6)-(9) have the form

Д 7 Г + - 7 Г А й(х) — y ^ d ^ x )  
u(x) + y^d(x) (10)

Д 7 Г + - 7 Г - y \/\d (x ) — /\й (х) 
y^d^x) + й(х) (11)

Д 7Г+  — 7Г - _  Ди(х) +  Лй(х) -  у; (Ad(r) +  /\d (x))
(12)л +,р uy(x') — yldy(x)

_  Auv(x) +  y ^ d v {x)
(13)Л ~,Р

u(x) + u(x) + y[{d{x) + d(x) ’
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where u v (x) =  u(x) — u(x), dv (x) =  d(x) — d(x).Similarly we receive the asymmetries for the case h +  =  K + . For K —meson fragmentation function D ^ + ~K  the asymmetries (4), (5) look like
A ^ ~ K ~ A d (x)  d(x) (14)
A K + ~K ~ л е+

Ad(x) 
d(x) (15)
& d y(x)  
d y(x) (16)Ady(x) 

d(x) +  d(x) ’
(17)where A d y (at) =  Ad(x) — A d (x) .

3 Determination of the quark flavours contribu­
tion to the nucleon spinFor nucleon spin structure analysis we introduce the first parton distributions moments as follows △ q (A g )=  /  (18)dowhich correspond to the quark Q(antiquark q) contributions to the spin of nu­cleon.Then from the asymmetries (14) and (15) the d quark contribution to the nucleon spin can be defined asA d  =  [  d (x)A K + ~ K  dx, (19)

JoA d  =  — [  d ( x ) A f J ~ K  dx . (20)
JoWe received A u  and A u  from asymmetries (10), (14) and (11), (15) respec­tively: A u  =  [  (U (X ) -  yid(x)) +  y \ A ^ ~ K  d (x )}d x , (21)

Jo  - 7△ft =  [  ( - A ^ ^  (yld(x) +  й(х)) +  y }A ^ + ~ h  d ix ^ d x .  (22) 
Jo  v  J154



Evidently, that from equations (19)-(22) can be find the (Au +A u), (A d+A d). 
Also the quarks contributions (Au +  Au), (Ad +  Ad), (As +  As) can be 
determined using the asymmetry A l  and additional observable quantities -  
axial charges a 3 and a8 (see, for example, [10])

a 3 =  (Au +  Au) — (Ad +  Ad),
a8 =  (Au +  Au) +  (Ad + Ad) — 2(As +  As). (23)

Then using (12), (23) the quarks contributions are

Au -1- Au =
1 ' C  A ^ ~  M x )  

Jo
- y2M )x))dx -  г/^аз^ , (24)

1 -  У?

Ad +  Ad =
1 7

1 -  di '
' С  A ^ r ~  M x )

Jo
- y ^ M {x))dx — a 3) , (25)

As +  As =
1 7

1 -  У? '7 A ^ ~ M x )
■Jo

- y2M )x))dx —

—2a3 (l +  У17 ~2a8 . (26)

Valence d—, u — quarks contribution can be determined from (13) and (16) as

Adv

A u v

+ yld v {x )A ^ p  h  ^dx.

(27)

(28)

4 Conclusions
1. The polarization asymmetries ~h ,A ^ p h  for the тг—, К -  meson pro­
duction in SIDIS with charged weak current do not depend from the fragmen­
tation functions.

2. The separate contributions of quarks and antiquarks via observable asym­
metries and unpolarized parton distributions have been determined.

3. The contributions of valence quarks Auv,A dy have been obtained.
4. The contribution of strange quarks has been determined in our approach 

via asymmetries and additional quantities -  axial charges.
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