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B-BARYON POLARIZATION IN SEMI-INCLUSIVE REACTIONS
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S.K. ABDULLAYEV, A.I. MUKHTAROV
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The common expressions for effective cross-sections of semi-inclusive reactions v, (Z)-g- N=u (u)+B+X and

w(H+N=v, (VT,)+ B+ x in the limits of quark-parton model are obtained. The longitudinal polarization degree of A’-hyperon is

defined. It is shown, that longitudinal polarization of A’-hyperon is only z function and doesn’t depend on x and y variables, if it is possible
to disregard the antiquark contribution in fragmentation functions. The dependence of longitudinal polarization degree of A’-hyperon on z
variable in the different variants of fragmentation function choice of polarized quark into polarized A’-hyperon is investigated.

As it is known, the weak neutral currents (WMC) were
firstly observed in the processes of deep-inelastic scattering
(DIS) by neutrino (antineutrino) nucleons
v,(v,)+N=v,(,)+X . The study of these and another

lepton-nucleon processes allows us to obtain the information
about structure of WMC leptons and hadrons and about
distribution functions of quarks and gluons in nucleons.

Last years the new class of processes, which are semi-
inclusive hadron creation in DID of polarized leptons on
polarized nucleons [1-4], the study of which is the
information source about distribution and fragmentation
functions of polarized quarks and gluons, has been well
discussed.

Here B-baryon polarization in semi-inclusive reactions is
considered

v,+N=>u +B+X, (1)
v,*N=>u +B+X, ()
u +N=v, +B+X, (3)
U HN=vV, +B+X, (4)

where the initial nucleon is longitudinal polarized (or

unpolarized), neutrino is always polarized (neutrino spirality

is 1 =-1, and antineutrino helicuty is A- =+1), B is
v 4

emphasized inclusive baryon with measured longitudinal
polarization 4.

The differential cross-section of semi-inclusive reactions
(1)-(4) in the framework of quark-parton model can be
written in the following form:

do N(h do _B(h
dxdvdz 2 fq(/i ])V)(x)d_ q';hﬁ))(z)
xaydz q,hq q',hé] q Y q
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Here f ]\(I}Eh])v )(X) is distribution function of polarized
q
q

quark in polarized nucleon; DB (hp

. B/(z) is fragmentation
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dy
differential cross-section of parton subprocess; x, y and z are
ordinary kinematic variables of DIS.

The negative muon forms in semi-inclusive reaction (1)
at neutrino scattering that’s why the parton electric charge
(quark or antiquark) should increase on the one unit. The
positive muon forms at antineutrino scattering and therefore
the parton electric charge should decrease on the one unit.
Thus, neutrino can interact with d- and s-quarks, which
transform to u-quark or with # -quark, which transforms to

function of polarized quark in polarized baryon B;

d - or antiquark (only contributions of u-, d- and s-quarks are
taken into consideration for simpleness):

V,+tq=> p +q',whereq=d;s; q'=u,

V,tq=u +q',where g=u; q'=d;s. (6)

Analogically, neutrino can interact with u-quark wchich

transforms to d- and s-quark, and also with d - and § -
antiquarks, which transform to # -antiquark:

o + ' _ .
V,tq=u +q ,where g=u;

V,+q=p +q', where g =d;s; q'

As quark spirality keeps in disregard of their masses,
then elementary subprocesses (6) and (7) are defined by only

one spiral amplitude: M .
p p ﬂﬂ,ﬂq ,ﬂv,ﬂq

XS

14

xyS+MV2V ’ ®)



B-BARYON POLARIZATION IN SEMI-INCLUSIVE REACTIONS . .. .....

dna-U,, ) xs(]—y)
X xys+M;,

w

VG d Yy ad =
u — u —
ML,R;L,R - MR,L;R,L -

®

where x,, = sin’ 0,, U, =cos6., U, =sinf.; 6, is Bose particle, s is square of sum energy of initial particles in
c.m.system.

Let’s give the cross-sections of parton processes at
definite spiralities of initial and final particles:

Weinberg angle; 6, is Cabibbo angle; M,, is mass of W * -

do(v,q, = ﬂ[%) _ do(vVyq, = ,Ll;qé)
dy dy
do(v,q, = ﬂL_qIIQ) _ do(Vyq, = ,u;qlL)
dy dy

_ 2 2
=ra’xsk;,,

=ra’xsF), -(1-y)”, (10)

U . |interact only with right polarized quarks and left polarized
where the designation F,, =—"(xys+M, )" is antiquarks.
X

w For differential cross-sections of semi-inclusive
introduced. processes (1) and (2) on the base of formulae (5) and (10) we
From formula (10) it is seen, that neutrino and antineutrino | have the following expressions:

do(v,N) ra’xs s (N B N B , . . i
= F, D +f"D-(1- —hy|Af, D —Af-" D= (1- _
o W RN (R Y "

—h, [ AD — £ AD? (1= )} by [ar ADE + ar ADE (1= 2] )

da(\jﬂN) _ ma’xs

F2 U ND2A= ) +f"DE —h IAFYDE(1 - v)? =AY D2 |-
p e WA T T R R ] "

~h|rraDs -y’ —f;NADf.]MNhB laf ¥ aD2 - yy? +Af;VAD§,] )

where ! do(hy;h,=1)—do(h,;h,=-1
By(hy) = EhN’hB 1; y EhN’hB 1; . (13)
N _ N+ N(+1) N _ pNGHD) N ohy;h,=)+do(h,:h,=—
Jo =Sen Loy s Ny =Ty = Saen s NoE NE
DqB- = DqBv((Ll)) +DqBv((j11)) s ADqBv = D;((ﬁ)) _DqBv((:rll))- which can be measured on angular distribution of decay

products in B=> N + r reaction. Summing on quark flavor,
Here the longitudinal polarization degree of inclusive B for longitudinal polarization degree of baryon we have the
baryon interests us: | expressions:

1) In semi-inclusive reaction V,+N=>u +B+X:

P ()= {= 1Y = REY + b () + RAFVADE + (1= p)> (£ + hyAFY)
< (AD? + RAD®Y 1 {f.N + REY =y (Af) + RAFIDE + (1= ) (£ + hyAf ™) (14)
x(D2 +RD?) |

2) In semi-inclusive reaction v, + N = u* + B+ X :

Py (hy) = {1 — hyAf,Y )(ADE + RADP)(1- y)* +
[ng + R + hy (AfS +RAf;N)AD;B] fx {(fuN —hy AN )Dy +RD)(1-y)* + (15)
(£ + REY + by (AFY + RAFVD ]},

15



S.K. ABDULLAYEYV, A.I. MUKHTAROV

where R = tgzﬁc ~(0.056.

Particularly, if the initial nucleon isn’t polarized then the longitudinal polarization degrees (14) and (15) have the form:

P (hy) =~

(/" +Rf/)AD; —(1-y)* £ (AD] + RAD])

(f; +Rf)D] +(1-y)’ £ (D] +RD)
1. (AD] + RAD?)(1- )* = (f;" + Rf;")AD?

, (16)

PB;/IN (hy)=—

LN (DF +RDI)A=y)* +(f5 +Rf)D?

The above mentioned formulae for longitudinal
polarization degree (14)-(17) are true in the case of creation
of arbitrary baryon B with spin “2. For example, let’s
consider the semi-inclusive creation of A’-hyperon in
v,+N=u +A+x and vu+N= u" +A°+X reactions.

In this case we can neglect the fragmentation functions of
antiquarks in A’-hyperon, as the contribution is small at big x
and z.

Then we obtain the simple expressions for longitudinal
polarization degree of A’-hyperon:

v v AD;\ z
P (hy =) =P = _—DA((Z)) (18)
- s AD} (z)+ RAD"(z
PN (hy =+1)= PN = "A( ) N @ (19)
Dy (2) + RD; (2)

As it is seen, the longitudinal polarization of A’-hyperon
is only z function and doesn’t depend on variables x and y.
The study of this polarization can give the valuable|

Din g+ N= v, +B+X reaction

(17)

! information about fragmentation function of polarized quark
in polarized baryon.

The analogous results are obtained in semi-inclusive

processes i~ +N=>v,+B+X, up" +N=>v,+B+X.

The formulae:

- ' — _ .
HU +q=>v,+q', where g=u, q'=d,s;

U +q=>v,+q', where g =d,s u;

, g'=
u +q:>;,, +q',where g =d,s, q'=u,
U tqg=va+q, where g=u, ¢'=d,s. (20)

are parton subprocesses of these reactions.
The differential cross-sections of these subruns are
defined by the same expressions as the subprocess cross-

defined v, g=>ugq'. v,q=>uq',
Vuq= 1°q', v.qg= u*q'. Then the
expression for longitudinal polarization of baryon:

sections  are

we  obtain

PEY (hy) = {1 + hy A XADE + RAD? ) +

F (1= ) ADE £+ REY + iy (A + RAFE)] {2 = hyAFY Y(DE + RDP )+

e2y)

+A= DI+ RES +hoaf) + RAPD) T

2)in g* + N = v, +B+X reaction

PEY(hy) = (=) ADP[£) + REY = hy (Af) + RAFV) |+

+(AD? + RADP)(£ + hy ) 1A= ) DE[£) + REY = hy (oF," + RAF]+

+(D2 +RDP)(fY +hyAfY) |

(22)

If nucleon isn’t polarized, then longitudinal polarization degree of baryon has the form:

uN _
Py =

— /" (AD] + RAD]) + (1= y)* AD? (Af]" + RAF)

4N

f(DJ +RD]Y+ (=)’ D (f +Rf™)

; (23)

B

(=) ADE(f) + RfY)+ [ (AD + RAD?)
A=y’ DS, + R+ f¥ (D +RDF)

24
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The obtained expressions for longitudinal polarization
degree of baryon are essentially simplified, if we can neglect
the antiquark contribution in fragmentation functions:

—AD; (z) ~ RAD (2)
D; (2)+RD}(2)

P (hy =%1) = PV = ;
(25)
~AD;(2)

PNV (hy =£1) = PN = i

(26)

It is seen, that baryon longitudinal polarization doesn’t
depend on x and y variables in this approximation.

According to [4,5], fragmentation functions of polarized
quarks in polarized A’-hyperon can be parametrized in the
form:

AD!(z,0%)=z"D}(z,0%),
AD(z,0%) = AD; (z,0*) = N,AD} (z,0%), @7

a and N, parameters are chosen as follows:

Parameter Variant 1 Variant 2
a 0.27 1.66
N, -0.2 1

The dependence of longitudinal polarization degree of
A-hyperon (18) and (19) on z variable is given on the fig.1.
As it is seen, the longitudinal polarization degree of A‘-
hyperon is positive one in variant 1 and monotonically
increases when z variable increase (in this variant the main
contribution in polarization of A’-hyperon is made by s-
quark, the contribution of u- and d-quarks in polarization is
about 20%). The polarization of A’-hyperon in variant 2 is
negative one, increases on module when z increases and
achieves 1 value in the spectrum end (in this variant the
contributions in polarization of A’-hyperon of u-, d- and s-
quarks are similar: AD* = AD} = AD"). Note, that in this

case the polarization of A’-hyperon is similar in all reactions.
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Fig.1. The dependence of A’-hyperon on z variable in v,N = 1 A°X (curves 1 and 3) and 1/7N = u*A’x (curves 2 and 3).
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S.Q. Abdullayev, A.I. Muxtarov

YARIMINKLUZIV v, (v, )N = u~ (u*")BX , p1~ (4" )N = v ,,(V,)BX PROSESLORINDS B-BARIONUN
POLYARIZASIYASI

Kvark-parton modeli gorgivasindo yariminkliiziv v, (Z) +N=>pu (W)+B+X Vo u (u)+N=> v, (Z) + B + X proseslorinin

effektiv kosiklori {igiin {imumi ifadelor alinmisdir. A-hiperonun uzununa polyarizasiya dorocesi toyin edilmisdir. Géstorilmisdir ki,
fragmentasiya funksiyalarina antikvarklarm payi nezers alinmazsa, A’-hiperonun uzununa polyarizasiya dorocesi yalmz z deyisonin
funksiyast olub, x vo y doyisenlerindon asili deyildir. Polyarizasiya olunmus kvarklarin polyarizasiya olunmus A’-hiperona fragmentasiya
funksiyalarii miixtolif sokildo segmoklo, A’-hiperonun uzununa polyarizasiya deracesinin z deyisoninden asililigi tedgiq edilmisdir.
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C.K. Adpyiaes, A.U. Myxtapos

NOJISPU3ALINS B-BAPMOHA B NOJIYMHK.TIO3UBHBIX PEAKIMSAX v, (V, )N = 1~ (1" )BX
#(WHN=v,(v,)BX
B paMKax KBapK-HapTOHHOﬁ MOACIU MOJYUYCHbI 06H_[I/Ie BBIPpAXXCHUS I 3(1)(1)CKTI/IBHI)IX Ce‘{CHI/Iﬁ TIOJTYUHKJIIO3UBHBIX peaKL{I/Iﬁ

T - - - i 0_
v, (Vu) +N=>pu (uH)+B+X v p (u")+N= v, (V,l) + B+ X . Ompenenena cTerneHb NPOAOILHON MONSpHU3aK A°-rUIepoHa.

IoKa3aHo, YTO eciIy mpeHeOpedh BKIAZOM AHTHKBAPKOB B (DYHKIHM (DparMEeHTAIHH, TO IPOXOIbHAS momspusamus A -rumepona semnsercs
(yHKIHEI TONBKO Z, @ OT HEPEMEHHBIX X  y OHA He 3aBHCHT. VIcCieoBaHa 3aBHCHMOCTS CTENEHH IPOJOIbHOM momspusamuu A-rumnepomna
OT NepEeMEHHO Z B PA3/IMYHBIX BAPHAHTAX BEIOOPA ()yHKIMIL pparMeHTAMH TOISPH30BAHHOTO KBAPKA B IOIAPH30BAHHbIH A'-rHmepor.
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