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DOUBLE SPIN ASYMMETRIES IN SEMI-INCLUSIVE DIS
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The general expressions for the effective cross-sections of semi-inclusive reactions f(}t IN(hy )= Thx,

Vo (V INChy )= v (V, hX, v, (VON(hy )= p (g )hX, p” (u" J(A)N(hy )= = v (v, )hX are obtained in the

nt h I h
- Oir —0mn )—(04, —0
framework of quark-parton model. The double spin asymmetry AZ’\’;”’ = (11 )= (on Zon )

ntont :
. p p e where o4 (op) ) 18
(o1 —opp )4 (o —0opy )
effective cross-section when spins of lepton and nucleon-target have parallel direction. It is shown that double spin
asymmetries don’t depend on the fragmentation function of quark to hadrons /4

) . N(h . C .
1. Introduction where f (:1 Ij )( X, QZ ) is the distribution function of
q

The standard model (SM) of the electroweak interactions 4

of the elementary particles has achieved a great success in the  polarized quarks in the polarized nucleon, D;’ (z, QZ ) is the
description of series of the experiments, which have been
carried out in the various laboratories of the world. In
particular, one of its exact checking has been alone on the

e e" -colliders LEP, SLC and TRISTAN, as the result of variables x, y and 2 defined as:

which the agreement with the experimental data has been Q2 q-P PP

obtained. Alongside with e e -annihilation the deep- X = P P-q’ Y= L P z= P-q ’

inelastic scattering (DIS) processes of the polarized leptons
on the polarized nucleons play the important role in the check ~ where &, P, P, and ¢ are the four-momenta of the initial
of standard theory and they are intensive investigated lepton, the target nucleon, the production hadron, and the
experimentally at the present time [1-5]. virtual bozon respectively.

High energy experiment with polarized beams and targets
has opened a new window for revealing QCD dynamics and
hadron structures. In this we study the hadron production in
polarized semi-inclusive DIS off nucleon:

fragmentation function of the quark into the detected hadron
h, dd‘/ dy is the elementary cross-section. The usual DIS

2. Neutral current lepton processes ("N = " hx

Let us consider first the processes ("N = 0Thx ; for

0 (A)+N( hN )=> 0 +h+ X, (1)  them, there exist two possible elementary contributions;
(*(A)+N(hy )= +h+X, ) UC+g=0+q. U +g=>10 +q.
v, +N(h,)=>v, +h+X, G3) Taking under the consideratior}s t}'le' exchange of yand Z’,
£ it is easy to make sure, that the spiralities of lepton and quark
v, + N(hy)= v, + h+X, (4)  should be saved separately in subprocess ¢/~ +q = { +q.
_ That’s why in this process only four spiral amplitudes Fig ,
Vit N(hN )= +h+ X, ®) F;, Fry and F, which describe following reactions:
V,+N(hy)=p" +h+X, (6) o+ gy =0+ qe. U3 +q, =0, +q, .
,u‘(/l)+N(hN):>vﬂ+h+X, 7 letq, =>0o+q,, U, +qy, >0, +q,.
wH(A)+N(hy )= v+ h+ X, 8) The spiral amplitudes in SM are defined by expressions
‘
where is the lepton spirality, /2, is the longitudina Faﬁ = — (a,f=L;R), (10)

xys  xys+M:?

polarization of nucleon-target.
The cross-section for the production of a hadron /4 in the  pere M. — is mass of 70 -bozon, S — is the square of total
current fragmentation region are given by energy of (N-system in their c.m.s., O, — is quark electric

do(A; hy) Von, charge ¢, g, and g, (g% and g?) — are right and left
dxdydz Zf . \)( Q ) D (z, Q )» (9 neutral weak charges of lepton (quark) with Z’ - bozon:

(hg)
q.h
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Va XW YA —I/Z-I-XW
8r = 8 T T
1-x, Xy (1=xy )
X T—QX
gh=-0, |—"—: gl =————= (1)
1-x, Xy (1=x, )

Here x,, = sin’ 0, —is the Weinberg's parameter, T3 — is
third projection of the weak isospin of quark g.

Let's reduce the subprocess cross-sections ¢ g = ¢ g at
the definite values of initial and final particles:

2—;’(@% > lrqy ) = 4’ xsFy,
do  _ _ 2 2
d_y(quL — 0,9, )=4ra’xsF;,,
do

where £, is spirality of the initial quark.

The differential cross-section of subprocess ¢ ¢ = ¢ ¢
can be obtained from (13) with the help of the elementary
changes: Fp, < Fp,, F;; < Fp.

‘;—ijqL > 04g, )= 4malxs(1-y F FR,
do , _ - 2 2 2
d—y(quR —>U0,qp)=4maxs(1-y) F. (12)

The difference of y-dependences of the abovementioned
cross-sections (12) connected with the difference of total

spiralities of the system ¢ ¢ : for ¢ ,q, and ¢, q, -collisions
the total system spirality is equal to zero and y-dependence
doesn't appear; for (,gq, and ¢, qp-collisions the total

spirality is equal to one that leads to the characteristic y-
dependence ~ (1-y)’.
The differential of

subprocess ¢ g = ( ¢ with taking under the consideration

cross-section the elementary

of the spiralities of the initial units can be imagined in the
form (the spiralities of the final particles are the same, as of
the initial ones, i.e. the spiralities of lepton and quark are
saved separately):

e = ﬁazxs{(1+i)(l+hq)FRZR+(I—/1)(]—hq)FL2L+(]—y)2[(]+Z)(I—hq)FR2L+(]—2)(I+ hq)FLzR]} (13)
'y

do'(Ahy )
dxdydz

= 27’ sx

On the base of formulas (9) and (13), the expression for
the differential cross-section of semi-inclusive reaction

><Z{qu(x,Qz)D;'(Z,Qz)[(1+/1)(F§R +(1=y) Fo )+ (1=2A)(F +(1=y) Fp )] +

+ [ (.07 )D2 (2,07 )[(1+A)(F +(1=y) F )+ (1= A)(Fp +(1=y ) Fj )] +
+hy A (.07 )Dy (2,07 )[(1+ A)(Fpp = (1=y)" Fy )= (1=2A)(F, =(1=y )’ F3 )] +

Fh A (x,0° )D (2,07 )[(1+ A)(F, (1~

where
A (x,0° )= [0 (2,07 )= 175 (x,07),
1 (60 )= [0 (6,07 )+ 15 (x,07).

The differential cross-section of process /"N = ¢ hX
must be obtained from (14) with the help of the following
exchanges:

Foy & Fuy, (B=R:L).

We can now compute the so called "difference double

0U"N=/(hX has been obtained [6, 71
22 2 22
V) Fp )= (1=A)(Fp—(1-y) FLL)]}) (14)
spin asymmetry" AJ}\'; " which is expressed as
* h h* W
Pl _(on—oy)=(03,—03,) (15)
N 5

T h " h
(o4 —opn )+ (o —03)

+ +
where o-% ( 0? , ) — denotes the cross-sections (14) with

parallel (antiparallel) orientations of here lepton and target
nuclear spins.

Then, the expression for the double spin asymmetries
look like:
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a5 ={Auu[FfL(u)—(l—y)zFLia(u)]—AdU[FfL(d)—(l—y)zFLi(d)]+
+[1+(1=y)" ][ Au (Fp ()= Fpp(u)) - Ad, (FLZL(d)—FfR(d))]}X
X{uu[FfL(u)vL(l—y)zFfR(u)] ~d,[Fj(d)+(1-y) Fp(d)] +
+[1=(1=y)" ] [u (F}(u)=Fy(u))-d, (FLZL(d)—FLi(d))]}]- (16)
a4 ={A%[FLZL(M)—(I—y)ZFLi(u)] +[1+(1=y) ] x
X[ Au, (Fy(u)=Fi(u))=4s, (FLZL(S)—F&(S))]HMU[F;L(u)+(1—y)2 X

XFLZR(M)]+[1—(1—y)2][us(FLi(u)—FLi(u))—Ss(FLZL(S)—FLi(S))]} ; (17)

where u, and d, (u,, d; and S;) are distribution functions v (v, )N=v (v, )hX:
. ARG ARG
valence u- and d- (sea u-, d- and s-) quarks in proton.
The double spin asymmetries (16) and (17) have the v.(v,)tq=>Vv, (V,)+q
. RS ARE” ’
remarkable property — they to be free of any fragmentation - B _ o (19)
functions. When we do not consider weak interaction Vl,( Vi )+q :>V/,( V},)+C] .

contributions in the processes ¢ N = ¢ hX expressions for

k ’ ; As quarks sprirality conserves in neglect of its masses,
the difference asymmetries look like [6]:

then the elementary subprocess v, +¢ = v, +¢ is defined

. 4Au,—Ad, only by two spiral amplitudes F;; and F;; , which describe
Ap =/(y) du —d following reactions:
1% 1%
e =f(y)4AdU —Au, Vitq,=vetq,, Vitqr=V,+4z. (20
4d” Uy The spiral amplitudes in SM are defined by following
Au expressions
A = f ()=
: o g 8 g8
Fp=—2t20— F, =—=t2L— (1)
Ad O oxys+ MY xys+ M
A5 = f(y)==, Z z
n du
1
o - A+ Ad where g, =
4 =4, =f(y)———, 2 xy (1= xy )
u,+d,
I—(1 ) 5 Let's  presents the  subprocess  cross-sections
f(y):ﬁ (8) Vo taDV ot VTSV, A, Y, 4qD T, 4,
+(l-Yy

V,+tq=>Vv,+q at the defined spiralities of initial and

The double spin asymmetries (18) contain only valence  fjpal particles:
quark polarized densities.

3. Neutral current neutrino processes dé dé , ,
v, )N =v,(,)hX E(VL%):E(VRQR):MO{ xsF;,,
There are two different kinds of elementary interactions dé dé
contributing to neutral current neutrino processes d—( V,qg)= d_( V.q,)=4 ol xs (1-y )2 FLZR ’
'y Y
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_( 19 L)_ (VRqL) 4ra’ xsF, LZL, The differential cross-section of the elementary
subprocess v L ta=>v,+q taking into consideration the
_( e (VRqL) 4o’ xs(1— y) FR .(22)  spirality of initial quarks 4, can be presented in the form
|
do(v,q)
d—y“ = 2xa’xs|(1—h, )F), +(1+h, )(1-y) F},). 23)

The following expression has been obtained on the base of formulas (9) and (23), for the differential cross-section of semi-
inclusive reaction v uN = v, hX [8]:

do 2 N 2k 2 2 2 g2
=7Ta”Xxs X, D’ (z, Fo+(1-y) F,]+
dxdydz Zq:{fq (x,0°) q( O ) F +(1-y) Fi]
+ [ (%07 )D2 (2,07 )[ Fo +(1=y) F ] =h A (x,0° )D; (2,07 )
x[Fp =(1=y)" Fp] =h A (x,0°)D2(2,0° )[ Fjj _(]_y)ZFLZL]} : 24)
The double spin asymmetries for the semi-inclusive | ] U .
tons V,p=>v, 7T X ad v, p=v, K X Fu = s (26)
reactions P 4 u an u 4 1 xys + MW X,y

similarly Eqs (16) and (17).

4. Chareed . where U, =cos0., U, =sinf,, 8, is the Cabibbo
- L1argea current processes angle, My, is the mass of W-bozon.

-+ -+
v,V IN=upu (u )hX, p (u )N =v,(v, )hX For the elementary cross-section we obtain:
Let us consider the neutrino initiated processes G
_ ) ) - 2 2
v,N= pu hX: for them there exist four possible d_y(VLqL = 4,49, )=nma xsky,
elementary contributions: . 27)
o — — 2 2
v,+d=>u +u, v,+s=u +u, (Viq, = M, qr ) =7 xsFy; .
u u 25) dy

v,tu=>pu +d, v, tu=u +s.

. . The differential cross-section of semi-inclusive reaction
Neglecting quark masses, one find that there is only one
non-zero helicity amplitude for each of the elementary

processes in (25): |

v,N= 4 hX must be written in the following form:

do (24 2 N 2 h 2 32 N 5 p 2
dxdydz_sz;FLL{fq (x,0°)D,(2,0" )+ (1=y)" f; (x,0")D3(2z,0")

—hy [quN(x,QZ)D;’/(Z,QZ)—(I—y)zﬁqu(x,Qz)fo(z,Qz)} (28)

If we explicitly perform the sum over flavours in the numerators and denominators of Egs. (15), we obtain for double-spin
asymmetries:
- ) Ad, +Ad (1+R)-(1-y) Au,
A7 " (vip=>p X )= > (29)
d,+d (I1+R)+(1-y) Au,

. Ad, +Ad (1+R)—(1-y)’Au. -R
AK -K (V p = ILliKX) — du + ds ( + ) ( yZ) _us , (30)
’ g d,+d (1+R)+(1-y) Au,
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(1-y)’[Au,+Au ]—Ad (I+R)
(1-y)’[u,+u ]+d (I+R)
(1=y)*[Au,+Au JR—Ad (1+R)

(1-y)’[u,+u, JR+d (1+R)

, €2))

A; " (Vp=>puaX)=—

xt-n" = + _
A7 7 (v,p=> KX )= , (32)
where R = 1g°0. ~ 0,056 .

Similar results hold for the x# p = v, hX and u* p:>t7ﬂhX processes; the contributing elementary interactions are:

Y7, +u:>vﬂ+d, W tu=v, +s,

U +d=>v, +u, g +s=>v, +u,

+ = + =
y7, +d:>vﬂ+zi, W Hs=>v, +u,
+ ., = = + = = =
W ru=v,+d, p +tu=v, +s,
with the same cross-sections as those computed Eqs. (27):

do(puu, =v,d;) _ do( p iy :>17,u67R) _ d&(V#dL = pu;) _ dOA'(V#JR = pgliy )

dy dy dy dy
d6(upd, =V,u,) d6(udy =v,i,) do(V,u, = uzd,) do(v,i, = u;d,)
dy dy dy dy '
The analogues of Egs. (29)-(32) are now
e, Au,+Mu, —(1-y) Ad (1+R
u, vu, +(1-y)*d, (I+R)
gt - Au, +Au, )R—(1-y) Ad, (1+R
A;f K(ﬂ p:>V/lK)()=( v s) ( y)Z_ s( )’ (34)
(u, +u, )R+(1-y)'d (1+R)
_ Au, —(1-y)’[Ad,+Ad (1+R
AZ’ T (/,[+N:>VIU7Z'XV): S ( y) 2[ 1) _3( )]’ (35)
u,+(1-y)’[d,+d,(1+R)]
+_ o+ — Al/_l R_ ]_ 2 Ad +Ad ]+R
uR+(1-y)"[d,+d (1+R)]
5. Numerical estimates ! 1,0
In the previous sections we have obtained explicit os |
expressions for the double-spin asymmetries for hadron .
production in semi-inclusive DIS. We now use these 2
formulae to give prediction in the case of z° and K* 1; “r
production, considering typical kinematical configurations of &
ongoing or planned experiments. The double-spin asymmetry Buar
values depend on the known SM dynamics, on the quark 2
distribution functions, both unpolarized and polarized. Quark 02
distribution functions in polarized nucleons the values of
wich are defined from the experiment, present in the . . .
expression of double-spin asymmetries. 0 02 04 0,6 038 1

The set of collections of quark distribution functions in x

nucleons are present in references [9-12]. The distribution

functions of valence and sea polarized quarks in nucleons,
mentioned in the ref. [9] are used by us for the numerical
estimations of double-spin asymmetries.

65

-
Fig. 1. The double-spin asymmetry AZ " for the pion

production ep = exX , as a function of x, for different

values y: y=0.1 (1 and 1' lines), y=0.4 (2 and 2' lines),
y=0.9 (3 and 3' lines).
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Fig. 2. The double-spin asymmetry A » for
the kaon production ep = eKX ,asa
function of x, for different values y: y=0.1 (1
and 1' lines), y=0.4 (2 and 2' lines), y=0.9 (3
and 3' lines).
1,0
v,p=v, KX
09 F 3
2
208 |
g1 | 1
£
706 F
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0 0,2 0,4 0,6 08 1

F

~

»

. . Kt-K
g. 3. The double-spin asymmetry A4 » for the

kaon production v,p=v,KX,asa function
of x, at fixed y=0.1 (line 1), y=0.4 (line 2),

y=

0.7 (line 3).

1,0
08
0,6
04

02

\

0,0

02 F

Asymmetries

04
06

08

1,0

Fig.

+ -
4. The double-spin asymmetry AZ T asa

function of x, at fixed y=0.4 for
v,p=pu zX (ine D), v p= u"zX

(line2), u p = v, 7X (line 3) and

u'p= v, 7X (line 4).
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Fig. 5. The double-spin asymmetry AZ T for

v, p= 47X as afunction of x, at fixed
y=0.1 (line 1), y=0.4 (line 2) and y=0.9 (line 3).

0.4

pp=> v, X
02

0,0

-0,2

04 |

Asymmetry

-08
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Fig. 6. The double-spin asymmetry AZ " for

,pr = 17#7ZX as a function of x, at fixed
y=0.1 (line 1), y=0.4 (line 2) and y=0.9 (line 3).

-
In figs. 1-6 we give estimates for A]}\l, " for several

processes, with  different  kinematical  conditions,
corresponding to typical experimental setups. Figs. 1 and 2

- +
. - KT-K
shows x-dependence of asymmetries 47 ~* and 4,

in  semi-inclusive  reactions e p=>e X and

e p=e KX atenergy Vs =300 Gev (ep-collider HERA),

Weinberg parameter x,, = 0,232 and the fixed value y=0,1
(1 and 1' lines), y=0,4 (2 and 2' lines), y=0,9 (3 and 3' lines).
The solid (dashed) lines indicate the double-spin asymmetries
for 7 - or K-production in semi-inclusive DIS with one
photon (photon and Z’-bozon) exchange. As it is seen the

+_ - +
. . - K"-K ..
double-spin asymmetries A; " and A4 » are positive

and increase monotonously with increase of x.
The fig. 3 illustrates the dependence of double-spin

+
asymmetry Af X in Vetpr=v, + K + X process onx
aty=0,1 (1 line), y=0,4 (2 line), y=0,7 (3 line).
-
The double-spin asymmetry 47 ~*  for charge currents

is shown in figs. 4, 5 and 6.
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YARIMINKLUZIiV DQES iKiSPINLi ASIMMETRIYALAR

Kvark-parton modeli gar¢ivasindo yartinkliiziv f (A)N(hy )= éihX, Yy (17# JN(hy )= vy (17# )hX,
vy (17;1 IN(hy )= ;f(;f JhX, ;f(;f NA)N(hy )= vy (17# )hX proseslorinin effektiv kosiklori figlin timumi ifadolor alinmisdir.
Ikispinli asimmetriya

nt h” Wt h
g (o —om )= (o —oyy)
A

Wt h- ht h”
(op —op J+(opy —opy )
+ +
toyin edilmisdir, burada O-iT ( 0'? 1 ) —leptonla nuklon hodefin spinleri paralel (antiparalel) oldugu halda prosesin effektiv kosiyidir.

Gostorilmisdir ki, ikispinli asimmetriyalar kvarklarin /4 adronuna fragmentasiya funksiyalarindan asili deyiller.

C.K. Adpysuiaes, A.. Myxrapos, M.IIL.T'ox:kaen
JABYXCIIMHOBBIE ACUMMETPHU B ITIOJTYUHKJIIO3UBHBIX THP

B pamkax kBapk-MapTOHHOM MOJENM MOJYyYEHBI OOIIME BBIpAXKEHUS I8 S(PQEKTHBHBIX CEYCHUH IONYHHKIIO3MBHBIX pEaKIHui
_ — _ _ _ — + _ —
CAIN(hy )= CThX, v (V, ON(hy )= v, (v, )X, V,(V,ON(hy ) = (7 JhX, @ (1" J(A)N(hy )= =V, (V, )hX .

Ormpenenena AByXCIIMHOBAsI aCHMMETPHS

nt h nt h
e (ot —om )= (o —ony)
A

( O S SR h‘)
Op —op )T (ony —opy
wt ot
rae oqq (04 ) —9bEKTUBHOE CEUCHHUE IPOLECCOB NPH NapalIe/bHOM (aHTHIIAPAIUICIbHOM) HAIPABICHUH CIMHOB JICITOHA M HYKIOHA

mumieHn. [Toka3aHo, 9To JByXCIHMHOBBIE ACHMMETPHH HE 3aBUCST OT (DyHKIUH (hparMEeHTAI[MU KBApKOB B aIPOHEI /1.
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