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ll)easu.rments of the spin asymmetry in . the 

for . scattering of longitudinally polarized 

the longitudinally polarized prot'on ;ip ....... J.LX 
_.. . ' -

10. 1 GeV has led to the following value for · the 

structure function 

x,Q2) 0.113 ± 0.012 ± 0.025 

differs from the· Ellis-Jaffe 
1 . 2 

J 0 dxg(x,Q ) = 0.19 [2] obtained 
sum 

in 
model (QPM) taking into q_c_c_oun~no-..,~·-....__.. 

I '-- • \ ~ ; 

and assuming that tti 

(1). 

rule 
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the expressif . 
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= _1_ L e2 ~q··!·, ~~~ 
2 c· q_ cl 

+ Ad(Q
2

) - 2As(Ql 

+ s(Q· 

sum rules ~u + ~ 

~u + ~d -,2~s = 
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where 

~q;(Q2)'• 'sldx(q(+) (x,Q2)-q<-> (x,Q2)...:q<+> (x,Q2)+q<-> (x,Q2)] 
0 . £ ,., £ • . £ '- .£ ' 

is, the .fraction of the proton .spin carried by quarks and 
- . . . . . (+) 2 . • .. • 

antJ.quarks of, flavor f; q :- (x,Q ) stands .. for the densJ.tY. . .. . . £ . . . . •'• 

distribution of. quarks with p~sitive (+) and negative (-:) 

helicities. It follows from Eq.(3) that 

E ~q = o.o2 ± o.21 £ . 
£ 

i.e. very small fraction of the proton spin is carried by 

quarksand antiquarks. 

Taking- into account, ,.however, a new. type , of. 

correction, appearing because of the·axial anomaly,leads 

new form of ~q defined as following (5) 

QCD 

to a 

~q' = ~q - (a (Q2 )/2rr)AG (4) 
''.. . •. .s.. . ' . 

where ~G =. J~~G(x,Q2 )dx. is .. the fraction.of .the ,proton .spin. 

carried by gluons, ~G(x,Q2 ) = ·c(+) (x,Q2 ) - ~(-) (x,Q2), 

G~(±) (x,Q2 ) .. - is the density distribution for .polarized 

gluons •. An interesting resul~ following from Eq• (4) • is. that 

in the abse:nce of strange quarks cOiitribution<AG =; 5.5; :: fozC 

a = 0.25 and therefore, the proton spin is fully 
s / ·. . 

determined by the ~G. If 'it' is so then, .. as· it has been shown 

by rough estimates, the gluon.contribution is very iarge: ~G 

=. 3 + 5 •.. That is, .. in its, turn an: evidence of: a large"'_ but 

negative , contribution ·of _parton· andjor: gluon orbital. 

angular momenta. to make up for the·~G 

1 1 ) 2 = 2 E.~qf + ~G + (Lz q·+ (Lz)G 
£ 

~ < > •• , ,, 

for a solution of the Thus, . it is only natural t? sear!=h 

spin:-crisis between two., possible. cases: ~s $. · o, ~G = :.~ ... and· 
' . - - ,, ; . . .. - . ' - . .._ 

.. _, .... 
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in pp~collisions have been carried out.in many works (~ee for 

ex. [6,7] _and refer. _there).·.As to therole of strange qUarks 

polarization, it' should be said that it is still not 

sufficiently studied. One . possible sou__rce of information 

about the contribution of the strange quarks is the study ·of 

the longitudimii double spiri ?syminetry ALL in the Drell-Yan 

processes~ As it was .shown in·_ (8] the value of ALL is about 

o .1 if the contribution of s-quarks to the proton· spin is 

negative and on th7 contrary it~becomes large and negative in 

the absence of s-quarks. Another interesting a~pect in this 

fleld is connected with the 'studies of semi-inclusive deep 

inelastic _production. The idea of using . semi-'inclusive 

processes ·for separating the contribution of ··sea' quarks has 
' . . 

beeri first realised iri· [9]. An expression the authors have. 

obtained ·for that contribution;· lioweve1=',· ·is' not· sensitive. 

enough to the value of the contribution of the strange sea. 
. ~ . ' . '· •. -

This sensitivity may be. increased by. measuring also the 

process ·of semi-inclusive' produc_tion of. K mesons. For this 

purpose in . this. paper deep inEdastic · semi.:.inclusive 
·, ·· + o ·. -o . · .. + .. · • · • · · 

product1ons of the K- '· K , · K and ·rc ·mesons 1n scatter1ng of· 

lon'gi tudinally . polarized el•ectrons. or muot1s . "from ·, ·. the 

polarized targets " \ ,' ~ ', ~- :;• 

l:(k,X
1

): + A(P,~) ~ l(.k' ,A'-l);. + h(.Ph) +.X • . (5) . 

are·· studied~· ··.where •·· :A ·'is . a' proton '(p), · rieutron '(n)' or· 

fsoscalar· (N) ta_rget:· with· the· polarization vector·~ and 

Al(A·'.:l) refers t:o the· incoming (outgoing) ieptori 'helicity •· -. 

The following kinematical variables' are introduced::·' ' 

X 
2 Q /2P.q, y = P.q(P.k, h z = P.P /P.q, P and ~. 

.: T 

Here x and. y -are the Bjorken variables, q = k - k' is 
th~ tra~sferred momem~um. ~i th' th~t : 62 ;,;, ·._ . ~2 ,' ph ' ls: 'the' 

. , . ~ , ~· , ._ , ..., . , , ~ - .:. '·"·t"' .· T -... ·. ':' ~- ,, .•. ·> . 

.absolute value of the transverse component of·hadrori'momentum 

-ph (orthogonal to q),-~- is the azimuthal angl~ between the .. . ·: . . . . . . . . . : ·' .~ h .... 
scattering plane· and the dired:iori cif P . · · ·· 

··.--. . . . . , . .... . .-·--. . . . , T ~- ,•" . . . In the .. QPM .. the cross.:.sectiori of processes ( 5) . inay be 

written as 

1' 
I· 
I 

II 

i 
I 

·i 

I 
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j 
'I 
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do- (Al' A ') ·a 
2 : 1+'AA'· 1 .. 1 

1 1 dz ,q o (P~)I: e2 r dxp . ·p 

dxdydzdP;d~ 
= -.-2- J-x 

Q 2 , f qf . X . zp . xp p 
zp 

x<T(Xp,zp; Al,Aq)f~:q) (X/Xp) Dh (Z/Z ) 
q£ p 

(6) 

where 
1 ' . 

<T(Xp,zp ;'Al,Aq)= y[l+(1- y)
2 

± AlAq(1-y)
2

]o(xp-1)x 

xo cz - 1) 
. i p 

. . . 2 
is the subprocess cross-section; x = ·Q /2p .q, z . . .. P ... a.. . p 
P .pb/p .q, p ·and pb are the four momentum of the 

a a a . 
incoming and outgoing parton respectively; plus and minus 

. .•. ' . .. . . . . h 2 
.r.efer to the parton and antiparton respectively; Dq(z,Q )-:-is 

the fragmentation function of parton to hadron h. It should 

be noted· ~hat the final · hadroris in processes (5) may ,be 

produced as a result. of either cur~ent ~uarks. fragmentation, 

or glu~ns fragmentation (QCD type events)·. since it is always 

possible to 's~ppress th~ second· mechanism by cho~sing the· 

kinematical regime, we will be interested here only in the 

first mechanlsm. Then i~tegrating Eq .. (6) over P~, ~ and 

summing up over the quark helicitles. (Aq= ± 1) o:r;te can find 

h . 
do- (AlI~> 

dxdydz 

1 + AlAl 1 

2 
._; -:y. { [:1 + (1 - y) 

2
]N(x, z~Q2 ) + 

2rra
2 

2 Q. 

+.A1~(1- ~1 ~ y) 2 ]6~(~,z,Q2 )}· J?> 

For the difference between the-cross-section of meson produc

tion we have from Eq.(7) 

6a-h = duhc+,+> 
. h .. . . '.· . 2 . 

dcr (+,-) =.a-·
0
6N(x,z,Q)·· (8) 

In :Eqs.;(7) and (8) we have used the following riotaiti~n 
I 



'cr. 
0 

4mx2 

2' 
Q 

1;-·(1. y),2 

y 

Nh(x,z,Q2 ) = [ e~ qc(x,Q2 )D~(z), 
£ £ £ 

h 2 t.N (x,z,Q ) [ e 2 t.q (x,Q2 ) Dh (z). 
£ q£ £ q£ 

(9) 

Let" us assume that we are interested in the production of 
. + . ~ 

strange mesons K-,K0 and K0 from the longitudinally polarized 

proton. For this case we have from Eq.(9) 

+ 
t.NK

p 

4 + 
-9 t.u DK- + 

' u 

1 K± 1 : K± 
g- t.d Dd + ----g-t.s Ds 

4 

9 
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1 
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1 ' 
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+ 
t.d D~- + 

'1 
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., s 
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g- t.d D u 
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9 (_t.c 
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9 
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+ 
t.s DK + 
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._ 

+ If the produced mesons are rr- - ones then' 

+ 
flNrr-:

P 

1. 

9 

± 1 + 1 
c 4t.u-Xd) o: + · 9 Ct.d-4t.u> o: + ----g-Ct.s-t.sfo~ + 

4 
+ ----g- ( t. c t.c)orr 

c 

(10) 

(11) 

(12) 

Notice ·that in der~ving Eqs. (10) -(12) we have.· used the 

relationship_s. following from th~ invariance reqUirement 

under the charge. conjugate and_isospin reflection 

0
K+ (K-) 
_u,d · 

+··KO(~) ·-. DK (K ) 
od,u , - ·u,d 

6 
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d,ti · 
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d 
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D 
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s 

-0 
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D 
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rr· 
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c 
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s 

-o 
DK - , 

c 

,I.·, 

+- . -
D~ _ =D~ : 
s,c -s,c· 

'(l;3) 

+ 0 
Different_combinations of·measured quantities (t.crK~t.crK, 

-o --~ - . . 
t.crK ) or (t.crn , t.crrr ) do not allow to isolate the pure 

strange quarks contribution to J~gicx;Q2 )dx in the case of a 

proton target.· But such a possibility arizes at their joirit . 

(i.e. t.crK and t.crrr) consideration. Omitting the contribution 

of c-quarks one can construct with the aid of Eqs. (8)·, (10) -
."' '• . 

( 12). the following combination_ 

- K+ ::·. ~- 9 { K° K0 · K+ K-
(t.s- t.s)(D + D ) = ~- t.cr + t.cr + t.cr + t.cr s · s cr

0 

[coK+ + DK- + DK+ + DK-) / (Drr + + Drr-)] (t.crrr + <t' t.crrr:->} . 
u u d d u u . 

(14) 

,It ,is clear .. that this combination is very convenient 

. from ·the; -experlmental .· poi~t: . _;;,f view since it does no~ 
require· separation· K0 

r and K0 mesons. Measurement. of. his 

magnitud~ :in;,future :experiments would allow .to determine the 

cont~ibution of polarized s..:quai-ks .to the proton .. spin 

. independently from other • components. If ins ted __ of the -proton 

target we use the isoscalar -one and c~nsider~ production _of, 

strange quarks only it might be-shown that there is o~e ~o~e 
favourable coi:nbination givind'· ~\: ~~ssiblllty to study t.s 

separately. Really, having , detenlii~ed the differential. cross 

,section averaged over proton and neutron 

dcrN·= (dcr + dcr )/2 P ·n. 
,• 

where dcr = dcr (u ~ d) it is not difficult to obtain 
P--·, _.n · · 

7 



K° K0 1 K+ K~ u o 15 'Ko K0 
. · . 

lluN + lluN - - 4-(lluN +lluN )- 18 [-4- (Du + Du ) (flu + lld + 

. - + ' 
3 -··K ·K - (15) + -
2

- (lls - llst(D
5 

+ Ds ) + 6(llc - llc ) ] • 

Having P.assed· in Eq. (15) to .limit z - 1 and omitting the 

c-quark contribution one can find · 

· K+ K- 12 ' K0 · K0 1 ·· K+ K-
(lls-lls) (Ds ·+os >=a:- [~uN +lltrN :.. 4(ll<TN +MN ) l 

o; 
(16) 

• • . + FJ.nally, J.f the detected mesons.are only the charged.K-
+ and rr:;-mesons then it. •is ,·.possible to determine another 

relationship, similar to (15) 

+ - + 
(lls-lls)(DK +DK) = ~ [(ll K~ .K-· 4 llurr + llurr s s u u +flu ·- - • · · 

0 5 + 
orr + orr 

+ 
(DK + DK 

u,, u + 
1 . K+ 
4 °d 

valid for all values of z. 

+ 
1 

4 

.. 
K . ) ] 

Dd .. ' 

U' U 

(17) 

.:.1:: :Note that the vaiues ·of the fragmentation' functions in 

·Eqs.:c (l4)-(17)' are extracted •from the experiments with 

'unpolarized beams. For small z ,; · 0.13-0. 35' the accuracy of 

':tlie measured values of Dh(z) 'is about 10-15% and ·
1
·it' achieves 

' q 
150.;.;55%· ··at z = 0.5.;.;0.65. •In ··oder to estimate the:·absolute 

'precisios ollsllllsl depending on o(lluK'rr)lllluK,rrl we·make'the 

used in•t[ 10]' assumptions -:·-; 

'""' + . - •· - <; '+ - -K K K K K K 
Ds + Ds = 2Du ''; Dd. =pd .= . .:Du t~! 1;. • 

'having· ·as one might expect> very,: slight influence on the 

values of orr· and DK·. The ·dependence o (lls) 1 Ills I is given in 

fig.l. As it is seen in the fig. the values of o(lls)/lllsl 

change in the range 0. 22 - o. 55 as o (fla-K) 1 llluK I varies in 

the interval 0.1 - 0.30. 
;_: ~ :, 

8 

l 
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JKST 
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'0.4 ~· 
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/, 
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0.2 

__g_ 

0.3 o(lluK) 

.jlluK I 

Fig.1. Dependence of ollsljllsj on o(lluK)IjlluKI at the values 

of z = 0.13 (curve 1), 0.18 (curve 2) and 0.25 (curve 3). · 

Thus a-conclusion is drawn.that precise measurements of 

lluK and llcirr I especially at small z could provide some 

· additional important · information on the spin-dependent 

structure function of the proton, though it is 'not excluded 

that performing such experiments may appear a rather 

difficult experimental problem. 

We, are very grateful to L. Frankfurt. who has discussed 

·the basic idea of the paper with one of us (A. E.) and also 

to Lech Mankiewicz for useful ~nformation. 
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Anl-13aAe B.H., E4JpeMOB A.B. 
OnpeAeneHI-1e eKnaAa cTpaHHbiX KBapKoe 
a cni-1H npoToHa a npotte~cax nonyi-1HKnto31-1BHoro 

·. rny6oKoHeynpyroro 3neKTpop~>KAeHI-1A K.., 1r Me3c 

AHam131-1pytoTCA B03MO>KHOCTI-1 Bb1AeneHI-1R 'II 
cni-1H nooToHa B npotteccax I + A-+ I'+ h + X (A= 
noKa3biBaeTCA, 'ITO I-13MepeHI-1e Beni-1~1-1H ~aK 1-1 ~(] 
dah (+,-), .oco6eHHO np~-1 ManbiX z, ..,-..,cnonb30BCI 
Hatti-1H n03BOnAeT · nony'II-1Tb Ba>KHYIO I-1H4JopMattl 
npoToHa. 

Pa6oTa BblnOnHeHa a fla6opaTopl-11-1 TeopeTI-1'1ec 

flpenpHHT 06'he,llHH~HOI"O HHCnf'cyT& JIAepHhiX 

Alizade V .N., Efremov A.V. · 
Determination cif the Strange Quark's Contribution 
to the Proton Spin in Semi-Inclusive Deep 
I nelastlc Electroproduction of K and 1r Mesons 

We analyze a possibility of extracting pure cc 
prOton spin in the processes I + A-+ I' + h ,+ X (A = 
We show 'that measurements of the quantities ' 
= dah (+,+) - dah (+,-).especially at small z, ·am 
could provide some important information about 
function of the proton. 

~· 
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