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Abstract

Current paper considers the possibilities to determine quark con-
tributions based on observable values — polarization asymmetries of
semi-inclusive ¢N— DIS. Numerical computations of asymmetries
are provided.

1 Introduction

Investigation of nucleon spin structure is one of important problems of
particle physics [1]. Spin nucleon problem is not yet solved completely
and therefore further research of all the contributions into nucleon spin is
necessary. Semi-inclusive {p— DIS with charged current can be a source of
new data about the structure of nucleon. The mentioned process allows
us to determine the contributions of valence quarks, antiquarks separately,
which is a significant advantage. This process can be studied experimen-
tally at electron-proton colliders. Current paper considers the possibilities
to determine quark contributions based on observable values — polarization
asymmetries. Numerical computations of asymmetries are provided.
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2 The semi-inclusive deep inelastic [p— scat-
tering

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

+p—-v+h+ X (1)

The differential cross sections of the process (1) in the case of a lepton:
( d30'3~ )h_
dzdydz)
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where ¢ = d,s,b, § = u,¢,t. Herep—g(w)7y1=1_y7
. . . Q? P q
G is Fermi constant, m,, is the W-boson mass, z = o V=
P q p-
Q* = —¢* = —(k—k)?% s = 2pk, k(K') and p are the initial (final)
lepton and proton 4-momenta, respectively, Py is the degree of longitudi-
nal polarization of proton, q(z)(Aq(z))/q(z)(Ag(z)) are the unpolarized
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(polarized) quark/antiquark distribution functions, D}(z, Q?)(D}(z, Q%))
are the fragmentation functions of quark (antiquark) with flavor ¢ to the
hadron A.

We define the polarization asymmetries in the following form [2]

Bt \RT—h™ gagtl \ At —h"
Ah+—h_ — (m‘y‘fg) _(m;%?) (4)
( drdydz ) ( drdydz )
(Bo)" ™ — (o)
+_p- dxdydz dxdydz
AZL "= daaryr At —h- daaf& AT —h—? (5)
AL =
(i L i U T i L G/ A L
[ dxdydz dxdydz ] [ dzdydz drdydz ] (6)
- d3alLI h+—h- BoTl \ h+—h- 3%t | ht—h- d3Tt \h+-h-]"
[(axdyd;) *(Zaa) ] [(m) *(za3:) ]

The first arrow corresponds to the helicity of the initial lepton () or
antilepton (1) and the second — to the polarization degree of the proton:
1t (Pv=+1), | (Pv=—1).

Let us consider the case h = m.Equations (4),(5), (6) for the case of a
proton targets for asymmetries give us
gt = AuEQIDTTT (5 Q) —iAd@ QDT T (597

e_ u(z,@)DT (2,Q?) +yid(z, @)DT T (2,Q%)
gt = WALmQODTTT (2 Q) - Au(w, QYD (2,08 o
i yd(z, @)D1* " (2,Q%) + a(z, @)DF ™ (2,Q%)

AT = {Au(n, @)DF (2,2 - (Ad(5, QIDF T (2,Q%) +
+Ad(7,QY)D5 " (2,Q) + AwDY T (2,QY)}
[{u(z,@)DF " (2,Q%) + +43(d(z, @)DF " (,Q?) -
—d(z, @)DT T (2,@) — u(z, DT (@D}, O
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Ay = {du(e Q)07 T (2,Q%) - i(Ad(@, QDT (2, Q?)
~Ad(z, Q)DL (2,Q%) - 8aDF T (2.Q)} /
J{ulz, @05 (2,Q) + +43(d(x, Q) DF T (2,@%) +
e, Q)DL T (2, QM) + (e, @)DF T (@Y}, (10)
With the correlations for 7— meson fragmentation functions (3], [4]

at—m gt -7~
pr* = —pr

we received

P Au(z) — y3Ad(z

wten— y%Ad(CII) — Au(z)
AT e ) _ "
Afp_w_ _ Au(z) + Au(z) - yi(Ad(z) + Ad(z)) 7 (13)

uy(x) — yidy(z)
2
A,fp_,r— _ AUY(l‘) + yzlAdv(z) . (14)
k u(z) + u(z) + yi(d(z) + d(z)
where uy(z) = u(z) — 4(z), dv(z) = d(z) — d(z).
In the same way we receive asymmetries for the case h = K*. For
K —meson fragmentation function look like [3], (4] DX*=K" — (), hence the
asymmetries (3)-(5) have the following form

AKFET _AJ((zS)’ (15)
e (16)
AL = —%‘i%:), (17)
AKKT = J%d—:%, (18)

where Ady (z) = Ad(z) — Ad(z).
The considered asymmetries have no dependence on fragmentation
function which is very useful for the analysis of proton spin structure.
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For nucleon spin structure analysis we introduce the first moments of
parton distributions as follows

80(80) = [ Ba(@)(Aq(a)ds (19)

which correspond to the quark g(antiquark q)) contributions to the spin of
nucleon.

Then the antiquark contributions to the nucleon spin can be defined
from the asymmetries (19), (20), (12) as

1
Ad = - / d(@)A,- " de, (20)
0

a0 = [ (A5 ) + (o) + oA dee. ()

The quark contributions (Au + A#), (Ad + Ad) can be determined
using the asymmetry (11),(12),(15),(16)

1
Au+ AT = / (AF (u(a) + id(e)) — AT (Fd(a) + a(z))+
° (22)

+YHAETF - AT ) da,

Ad+Ad = / 1 (d(x)Agf—K‘ - d‘(x)Af_*-K‘)dx. (23)
0

Strange quarks contributions (As + AS) can be determined using the
additional observable quantities - axial charged ag [5]:

ag = (Au+ A) + (Ad + Ad) — 2(As + A3), (24)

As+ A5 = %[(Au + AG) + (Ad+ Ad) — ag). (25)

(14)\/:;ence d—, u— quarks contribution can be determined from (17) and

1
Ady = — [ dy(z)AX, % dz, (26)
0
1

duv = [ () +36e) +s3(dle) + o)) A7 +

+yfdv(:v)Af,_‘;‘K_)dz. @7)
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Figure 1: Obtained asymmetries (solid line for y = 0.2, dotted line for
nt—n— at—n—
y = 0.5, dashed-doted line for y = 0.9): a) A;_"™ (z,y), b) 45 ™" (z,9),
- e
¢) ATy ™ (z,9), d) AT; ™ (2,9)-
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3 Numerical results and conclusions

The numerical results of obtained asymmetries are presented on Fig.1.The
asymmetries Af Sl Ag: ™ (Fig.1(a,b)) almost not depend from the
variable y. However, A" ™ increase and AZ’: ™ decrease in medium
and large = region. The asymmetries A" "™ and AT, ™ (Fig.l(c,d))
significantly depend from y in all the z region and achieve 60% — 70% in
measurable kinematic region.

Thus, spin asymmetries are determined for the case of #—, K— me-
son production in semi-inclusive /N— DIS. The obtained asymmetries
do not depend on fragmentation functions. Here the quarks and anti-
quarks contribution(Au 4+ A%, Ad + Ad, As + A5, Auy, Ady, A, Ad) in
the nucleon spin are obtained through the measurable asymmetries of semi-
inclusive ¢p— DIS with charged current for #—, K'— mesons production.
Numerical results of this asymmetries are provided and show, that this
asymmetries significant in all (z, y) measurable kinematic region.
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