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EFFECTS OF WEAK NEUTRAL CURRENTS IN THE SEMI-INCLUSIVE
I"N — I"hX REACTIONS
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Z. Khalilov st., 23, Baku, 370143

The investigation of electroweak asymmetries in the deep-inelastic scattering of polarized lepton on polarized nucleons is carried out in
framework of the standard theory and in the quark-parton model. The expressions for left-right, polarization, charge-polarization and charge
asymmetries are obtained.

1. The standard model (SM) of the electroweak and discuss the series of its qualitative properties at high
interactions of the elementary particles [1] has achieved a energies. It is easy to be convinced, that in the process (2) of
great success in the description of series of the experiments,  the exchange of proton and Z % bozon the spiralities of lepton
which have been carried out in the various laboratories of the  and quark must be kept separately. That is why the process
world. In particular, one of its exact checking has been alone  (2) is characterized by four independent spiral amplitudes
on the e'e” - colliders LEP, SLC and TRISTAN, as the result ~ F,, ,Frs,Fr. and F g (the first and the second indexes show
of which the agreement with the experimental data has been  the spiralities of lepton and quark correspondingly), that
obtained. Alongside with e - annihilation the deep-inelastic  describe the following reactions:
scattering processes of the polarized leptons on the polarized
nucleons play the important role in the check of standard o+ >0 +q,, (g+0zg > /z+0r,
theory and they are intensive investigated experimentally at
the present time [2-6].

In the present paper the effects of weak neutral currents
(SNT) in the semi-inclusive reactions are considered

Ci+0r > 0+ 0y L+ 0 > +0,

In the SM framework the spiral amplitudes are defined by
expressions:

F+N > (5 2°)> 07 +h+ X, 1 :
(r:27) @ - _QQ, 9.9} LR
. . . . . aff - 2 (avﬂ_ ’ )
in which the lepton and the picked out inclusive adron h are t t—-M;

registered on the coincidence and X is the system of non-
detectering adorns.

The especial attention is paid to p-add polarization
effects. The polarization fenomena are more sensitive to the  the mass of Z % bozon, gf and gé (gﬂ and gg)—are the
reaction mechanism and allow to recognize the contributes of  chjral bond constants of lepton (quark) with Z= bozon, the
SNT easily. The investigation of the polarization particle  yq)yes of which are equal to:
correlations give the possibility to check the series of OCD

where t = q2 is the square of the transfer momentum, My is

predictions, to calculate the spin structure functions of _1/2 X
adrons, to define the momentum distribution of the quarks gi =t
and gluon inside of the polarized nucleons. The study of the 1/XW(l— XW)

polarization phenomena has got the special actuality last
years, because of the obtaining of the high-energy beams of

the polarized leptons and the creation of the polarized proton , X
—antiproton beams and targets. Or = —, 4)
The Feynman diagrams for lepton creation of the 1-X,
inclusive adron h are presented in the fig.1.
s s a s o (T3-Qgx,)
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}X where x,=sin’8, is the Weinberg’s parameter; Qq is the

electric charge, T is the third projection of the weak isospine
of quark q .Let us give the cross-section of the subprocess
(2) at the determined values of the spiralities of initial and

2. At first we consider the parton subprocess final particles.

Fig. 1. Deep-inelastic leptocreation of adron h: N > 0Thx .

g (5 2°)> 0 +q, )
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—(ﬁ q, > 0,q,)=4ra’sF’

dO'

—(E a; > (,05)= Ara®s(l1-vy)?

where s is the square of the total energy of the system ¢~ in
c.m.s the variable y is connected with the lepton scattering

angle @ in c.m.s by the following relation

aa !

c;—j(ﬁ‘q —07q)=7a’{(1-2)(1-h, )R] +(1+2)(1+h, )Fg +

(a=Lor R),
®)

aﬁ,(a LorR; p=RorlL),

| ~
y:—izl(l—cosﬁ ).
s 2

The differential cross-section of the parton subprocess (2)
is given by the following expression

(6)

+[(1-A)(L1+hg )P +(1+A)(1-hy )Ry 1(1-y)* }

where A and hq are spiralities of lepton and quark.
3. Let us consider the distribution function of quark (anti-

quark) in the polarized nucleon qué:?)(X) (q(ﬁ v (x ))
which describes the probability of quark g (antiquark @)
revealing in the nucleon with the momentum part x, having
the spirality hG| (ha ). This function satisfies the following
equations:

Fatny (X)) = fony (%),

™
faciy (X)+ Fo ) (%) = fo(x),

=2 f

q, hy

MO (x, g )D(2 )da(f q—>04q)
dy

a(hg)

dxdydz

| where fo(x) presents itself as the usual distribution function of
quark g in nucleon. According to QCD the quark distribution
functions in nucleon depend on the square of the transfer

momentum ¢ : f (X, q°) also.
In SM frameworks the differential cross-section of hall-

inclusive reaction /"N — ¢"hX must be written in the
following form:

do(/ g—/(7q
YA, g7 )Dy(2) IR A2
qh— dy

=2ra’sxy { f,(x, 9" )Dg(2)[(1- AXFL +(1-y)* FR)+(1+A)(Fgy +(1-y) F )1 +

Where

+ (% 0°)D(2)[(1-2)(F +(1-y)* FL ) +(1+2)(Fy +(1-y)* Fo)] - ®
_hNqu(X!qZ)D:(Z)[(l_l)(FLZL_(1_y)2FL2R)_(1+ﬂ‘)(FRZR_(1_y)2FRZL)]_
—hy 4, (%, 9*)Dg (2)[(1-2)(F% —(1-y)*Fi) = (1+ A)(Fa —(1-y) F)1}
Af (x,9%)= 85 (x,a%) - £57(x, 0%),
s=(P+k)’; x==q*/2(P-q); y=(P-q)/(P-k),z=(P-p,)/(P-q),
hy is the nucleon spirality; k, P and p, are 4 momentums of [ The differential cross-section of process

an initial lepton, nucleon and final adron h; g-k-k’ is 4-vector
h h ;

of the momentum transfer; D;/(z)(D;(z)) is the

fragmentation function of quark (antiquark) in adron h.

"N — ¢"hX must be obtained from (8) with the help of
neutral substitutions Frge3F 5 (6=R; L):
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do*)
dxdydz

=2ra*sx { 1,(x, 4" )Dg (2)[(1- A ) Fa +(1-y) Fg ) +(1+ A)(F& +(1-y) R+

+ fa (%, q° )DQ(Z)[(l—i)(FrzzR +(1-y) Fe )+ (1+A)(FL +(1-y)’ FR)1 -

©)

_hNqu(X’ q2 )DQ(Z)[(l_ﬂ’)(FRZL —(1—)/)2 FRZR )_(1+ﬂ)(FL2R _(1_Y)2 FLZL )] -

—hy A5 (%, 0% )Dg (2)[(1 - 2)(Fr —(1-y)*Fo )= (1+ 2)(FL —(1-y)* FZ)1}

The W.N.C displays can be observed by the means of
revealing of character P - and S - odd effects. Such effects
are:

1. left -right asymmetries

A -15)=[6F -c7V1/[6F +61, (10
AN - 1)=[0 -01/[0V +0(71;

2. polarization asymmetries

AV =[og -oll/lo@+oll1. @@

A =0y ~oll1/low +olR1. (13)
3. charge-polarization asymmetries

B =[of -0 1/[ofl+ol)], a9

B = [ol -l 1/lel +ol1.

4. Charge asymmetries

Cop=log-0,1/log+o,)1, (@ f=R; L)
(16)
(-) (-)

P N MR CO i S

- dxdydz dxdydz ’
(o' and ol"))-differential cross-sections semi-inclusive
GNR of the left- and right-polarized lepton (antilepton) on
nucleons, o), o), ol and o'} are cross-sections

of process (1) at the spiralities of collising particles A=1,
hN:]-r /1:'1, hN:'l; /I:'l, hN:'l and ﬂ:'l, hN:l.

The electroweak asymmetries (10)-(16) are expressed by
the spiral amplitudes F,g as it takes place in the electron-
position annihilation processes [7-9]. For example, the left-
right asymmetry A(/ —!ZE) is defined by the following

expression

Here

2 (Fi —FR)[f,(x,a%)Dg(2) - fo(x,q”)Dg(2)]

(A7)

A(f1—6+)—1_(1_y)2 q

R

C1+(1-y)? DR +FE)Lf(x,9°)D{(z)+ f;(x,q°)DN(z)]
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06 | 1
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Fig. 2.Dependence of the left-right asymmetries A(e[ - e; ),

Aleg —et),A(_)(e[ —-eg), A(”(ez —e; ) y=0,7.

4. The expressions of observed values have the
phenomenological parameters that are quark and antiquark

40

distribution functions in the polarized nucleons, values of
which are defined by the experiment. In references [10-14]
there are the assembages of quark distribution functions in
adrons. For numerical estimates of the electroweak
asymmetries we used the distribution functions of the valence
and sea polarized quarks (antiquark) in nucleons given in
[14].

We presented the numerical calculations of electroweak
asymmetries (10)-(16) in the case of =z - mezon

electrocreation " p —> e* 72X at /s =300 Gev (ep-collider
HERA), x,=0.232. The quark fragmentation function in =
(1-2)"
S
where N and n are constant. It is supposed that strange quark

and antiquark part in the fragmentation process in z - mezons
is a small one. In dependences of left-right asymmetries

Ale, —eg), Aler —e/ ), A(‘)(e[—e;),

mezon is parametrized in the form Da’(z): N



EFFECTS OF WEAK NEUTRAL CURRENTS IN THE SEMI-INCLUSIVE ler - I?hX REACTIONS

A(”(e[ —eg ) and the charge asymmetries Cgg, Ci1, Cry, .

Crr On a variable x at the fixed value y=0,7 is given on the 00 | .

figures 2 and 3. As it is seen, the left-right asymmetries

A(e] —er), Aler —e; ), Al(ef —er) and the charge el 2
asymmetries Cgg, C increase monotonously with increase of 020 |

X, and the asymmetries A'")(e/ —e’), Cp and Cig -

decrease monotonously.
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Fig.4. Dependence of charge-polarizing asymmetries
B, 8L, B and B{" (curves 1,2, 3and 4

0,00 fee=m

0.0 F
o0 b correspondingly) on variable y at x=0,5.
R | The analogous behaviour of asymmetries is observed for
0% its y-dependences at fixed x (see fig. 4), where the
1,00 dependence of charge-polarization asymmetries BE;') and
Fig. 3. Dependence of charging asymmetries Cgg, C1, CrL, Cir _
(curves 1, 2, 3 and 4 accordingly) from variable x at B;H ony at x=0.5 is presented.
y=0,7.
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YARIMINKLYUZIV 1N — | "hX PROSESLORINDO Z9iF NEYTRAL COROYAN EFFEKTLORI

Standart ve kvant-parton modellari gorgivasinde polyarize olunmus elektronlarin polyarize olunmus nuklonlardan darin geyri-
elastiki sapilma proseslarinde elektrozaif asimmetriyalar tedqgiq edilmisdir. Sad-sol, polyarizasiya, yiuk ve ylk-polyarizasiya
asimmetriyalar tGgun ifadslar alinmigdr.

C.K. Adayanaes, A.U. Myxrapos, ML.III. I'ox:kaes

IOPEKTHI CJIABBIX HEUTPAJILHBIX TOKOB B TOJTYUHKJIIO3UBHBIX |*N — 17hX PEAKIUAX

B pamkax craHZapTHOH TEOpUH M KBapK-IIAPTOHHOH MOJENH NPOBEICHO UCCIIECIOBAHNE IEKTPOCIA0BIX ACHMMETPHH B ITyOOKOHEYIIPY-
TOM pPaccesHUM NOJISIPU30BAHHBIX JIENTOHOB Ha NOJISPU30BaHHBIX HyKIOHaX. IloidydeHs! BbIpaxKeHUs Ul JI€BO-IIPABbIX, MOJSPU30BAHHBIX,
3apsI0BO-TIOIAPU3AIMOHHBIX U 3aPSJOBBIX ACHMMETPUI.
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