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It is shown that a joint study of inclusive and half-
inclusive (with a detection of the accompanying "tagge=d" pion)
processes of Drell-Yan lepton pair production in K’p and K_p
'interactions allows one to measure the valence part of kaon
structure functions, strange sea distribution on the protog,
as well as the fragmentation function into pions for ﬁulti;
parton states produced in the kaon fragmentation region as a
result of annihilation of its valence (strange or nonstrange)
-quark. Predictions for differential cross sections of semi-
inclusive Drell-Yan processes are obtained within the hadro-

production recombination model.
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Introduction

During the recent two decades a great number of experiment-
al studies have been implemented on the measurement of hadron
structure functions in deep-inelastic processes (ascattering of
leptons on nucleons, the Drell-Yan processes of lepton pair
production in hadron-hedron interactions). However, despite
all these, yet there remein many uncertainties concerning
parton distribution functions in hadrons -~ pion, kaon and even
nucleoan. Say, the suppression factor of the proton strange sea,

Ap , is poorly known - different estimations give the values
in the limits of AP = 0.1 - 0.5 [1-7] , great uncertainty

exisgts also in the X =dependence of the distribution funct:'an.
of 5(§) -quarks in nucleon (at parametrization XSp(X)~(1'x)ﬂ’
different estimations yleld the value n; = 3-7 [1-8] ). still
more uncertainties exist in the parameters of pion and keon

Btructure functions. More or less confident data for a pion are
available only for its velence quarks diotribution, whereas pa-

rameters of ita sea quarks distribution are measured with an



accuracy of ~50% [9-11] . Quite poor information on the
Drell~Yan processes is available for a kaon, and even then it
concerns only its nonstrange valence quark [9-12] .

The main difficulty in extracting information on strange
quark distributions in hadrons is connected with their insig-
nificant contribution to lepton pair production in the
inclusive Drell-Yan processes, This circumstance stimulated
one to make attempts as to derive such information by involv-
ing model representations on a quark-parton mechanism of kaon
fragmentation intoc hadrons with low transverse momenta (the
fusion model [13,14] , recombination model [15-17] ). The
application of such modeia to the description of experimentel
data on kaon fregmentastion into vector mesons at high energiea
apparently aloows one to derive a rather confident information
on valence quarks distribution (at lesst for a nonsirange
valence quark as shown by the comperison with data (18] ob-
tnined from the Drell-Yan processes).

Nevertheless, the neceasity to derive a more complete execi
information on kacn structure funetions requires further expe-
rimental gtudies and application of various model approsches.

The main goal of this work is to study a possibility to ob-
tain data on distribution of the strange velence quark in kaon
and the strange sea in proton by meana of experimental study
of both usual (inclusive) Drell-Yan processes in keon beams

and semi-fﬁq;usive reactions of lepton pair productioﬂ accom-
panied by a "tagged" pion:
+ + o+ - :
Kp == X (p'p ))( (1a)



Kp—a(p*p)X  am

In addifion, the study of processes (1) offers new possi-
biiities to obtain information on properties of nonperturbet-
ive processes in atrong'interactions, in perticular, on
hadronization mgchanisma of complex multi-parton quark-gluon
systems produced in the.fraémentation region of the incident
meson at anniﬁilation of one of its (anti)quarks in the
target. Also interesting is a comparison of the measured from
(1) ftragmentation function of such a system into pions with
similar functions in soft hadron proceases and in processes

of current quark hadronization in deep-inelastic lepton-

-+

nucleon scattering as well as in processes e'e - hadrons,

In Sections 1 and 2 we consider experimental posgsibilities
of the measurement of poorly known kaon and proton structure
functions as well as fragmentation functions into pions for
complex multi-parton systems containing one of kaon valence

quarks. In Seciion 3, within the approach based on the recom-~

bination mechanism of hadroproduction [19,20] we have obtained |

predictions (dependent on parameters of kaon and proton
structure functions) for differential cross sections of half-
inclusive Drell-Yan proceaaéa. We give quantitative estimates
which show that at the detection (as a trigger) of the fast
it -meson in the incident kaon fragmentation region in reac-
tion (1a) fhe measurement of distribution fun-~tions of strange

quarks in kaon and proton is possible.

7,
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1. Analysis of Inclusive Reactions of Drell-Yan

Lepton Pair Production

Before turning to the consideration of half-inclusive pro-

cesses (1), we should hote that significant possibilities for

rartial removal of availeble inaccuracies and blanks in kaon

and proton structure functions are offered also by a more de-

tailed experimental study of the Drell-Yan 1nc1ﬁsive processes:

K = (p*p7)X
Kp = (p*p)X

The question is about the verification of the poorly

(2e)

(2b)

wagured distribution function of a nonstrange valence quark

3f a kaon and poorly known distribution of strange sea in a

proton, Indeed, consider differential cross sections of pro-

cesses (2) (g= (4’“ ) M/S ’%:—z+%' )

dffm) Kng (x,M)
( d%6

de) Kng (x,M)

h 4
£, (x,M) = 35 (X)Sp(%2)

(3)

(4)

(5a;

+ S - v \
fz(x,M)=-g-u:(x.)uP(xz) , fz(x,M)=f:(x,M)f—g'—u:(x,)up(x,) (5v;



T AR S ISR T AN T T

f: (x,M)= g',— u:(x.){l\\u,‘,' (x3)* d; (x2)+10 uf.(xz)} * %3." (X)) Sp(¥s)  (Sc;

where ol = 1/137 1is a Iine-structure.cons.t_ant. M=JxX2$ and
X=Xq-X2 respectively are effective mess and longifuciinnl
momentum of & leptoh pair, J_S- is :I.nvarianf energjof the

Kp -interaction, X; and X are ;ongitudinal momenta
(in ®8/2 units), reapectively for a kaon quark (ant:lquﬁr:—;)
and proton antiquark -(quark) pafticipating in ‘the process of
annihilation into a lepton pair; x,.zg% 14—%3 1’])

The kaon atrange and nonstrange (anti)quark distributions
are described by s‘." (X) and u:(x) functiona, while the
strange and nonstrange sea (anti)quark distributions are des-
cribed by Llsg(x) and S_'K(x) functions (we assume U.'K (x) = |
00 sde0=die), Sk =3R) ) W

d; (x) and U;U‘) are the known distribution functions of
nonstrange valence quarks and sea (anti)quarks in a proton
(we assume U-T) (X) = ﬁ;(‘)= d:"‘)" a-; (*) )i Sp(x)= §p(")-
is the strange sea (anti)quark distribution in a proton.

The difference between the (4) and (3) croas sections

- 2 + v
( dg ‘(d‘:dGM) = K§-g-u:(xq)u|:(n) (6)

dxdM

contains ap.art from the distribution function u:(x) also
a well-known function u;(x) and a weakly dependent on _kiﬁe-
matical variables factor K (which also can be determined
from (6)). Following from the known proton structure functions
(1,2,21] , it can be readily estimated that the term propor-
tional to U: (X4) 1T (X2) represents the main ( ~50% and more)

7



fraction of cross section (4) up to X, = 0.02, Therefore

;he exact measurement of Ll: (Xq) in a wide range over X,
.in real experiments Xi204+Xg ) is quite a realizable
problem; whereas in-the region of small X,€ 0.12, where the
measurement of structure functions in the Drell-Yan processes
is somgwhz’zt complicé.fed., U,: (X4) can be restored using the
conv;nfional parametrizétion of structure functions of valence
quarks inimeaons'(seé, e.ge [13,14,17]1 ).

The knowledge of function |J:(x) offers a principal
possibility to obtain a direct information on strange sea
quafk distribution function in proton. Indeed, let us consider
expressisn (3)., At sufficiently large values X,> 0.2 only
the first two terms contribute to it (it is assuhed that ses
quark distributions UR(x1) , S (X1) in a keon, similar-
ly to a proton end pions, have a behavior drastically falling
with increasing X, ); note that the second term prevails
over the first one up to values of variable X:. not véry cloae
to 1. However at X,=~1{ we éxpect u:(m)/s.‘{(x,) ~ (1'}(1)0'#
(s2e, e.g. {13,14,17,18]), and in the region X4> 0.95, where
s’ﬁ (%) > 4.u.l' (x,) , the contribution of the first term
that contains the distribution function of the proton strange
sea quark Sf:(xz) becomes compatible with the contribution
éf the second (known) term. Therefore, from the comparison
wifh experimental data we'll be able to isolate the first term
contribution and determine (up to normalization) the shape of
function ;SP(Xg) ltsing here, say, a parametrization

Sp(Xg) ~ (1"":)“P . Note that the esiablishment of

s :
difference or closeness of Mp to a similar exponent for

8



nonstrange sea quarks in a proton will play a significent rcle

for a ™ore profound understanding of the mechanism of occur-
ence of quark-antiquark hadron sea.

As to the distribution function of the kaon strange valence
quark S: (X4) , its experimental measurement in the inclusive
aspect 1s possible only in a very narrow range of vé.lues of
a variable X, close to 1 (0.95 < X4 € 1), To measure it
in a wide renge ovef Xy » it is necessary to consider more

cemplex semi-inclusive processes of lepton pair productién

accompenied by a fast "tagged" pion.

2. Semi-Inclusive Processes of Drell-Yan Lepton Pair

Production Accompanied by a Pion

Return back to the conaideration of processes (1),
K¥p —a¥ ()X |
p— ¢ }l) « Their differential cross sections have

a form:
*
(d*6/dxdMda)’ = Kg{f,'x,M)DG (2)+
. o (1)
+f, (4 M)Dg @) + £’ M)Dis B} |
] _ o
(d*6/dxdMdz) = K¢ { f, (x,M)Dy (2) + (@)

+fo,mpf @+ fomDdi@}

‘where Z= Xﬁ/(i"x'c) ' indicates & share pi-eaented'by & final
pion longitudinal momentum relative to total longitudinal mo-

mentum of a multi-parton system produced in the fragmentation

9



region of an incident kaon after annihilation of one of its
(anti)qua.rks in a target. The functions Du. (2) = Dﬁ (?.) ,
.D, (z) = ])9 (z) and D“(z) Da,(z) describe the
fragmentation of such multi-parton system into a pion (the
subscript.denotes the kaon valence quarks that did not parti-
cipute in the annihilation).

It should be emphasized that expressions (7) and (8) were
obtained under the assumption on independence of two subpro-
cesses in reactions (1): a hard process of lepton pair pro-
duction and a soft{ process of multi-parton system hadroniza~
tion described by the fragmentation functions independent of
lepton pair characteristics. Experimental data [22] support
this nssumption. However a quantitative estimation of its
fulfilment can be obtained by measuring the difference between

the cross sections (08) and (7):
(d°6/dxdMde)” - (d6/dxdMdz)’ =

(9)
K§g u.‘(x‘)up(x:)D (z)

which at known functions U; x)y , U;(x) and K -factor
gives a direct measurement of a fragmentation function D§+(Z)
in a wide range over variable Z . The independence of Dg’(i)
on variables X, and X, will serve as an experimental check

of the above-made assumption. For the present, in this work

we’ll consider thet expi'easions (7)~-(9) are factorized suffi-

ciently exactly. It lhould be emphasized that the mentioned
method to determine Dg (!) apparently 1s a unique possibi-

10



ST M S D AT T n D ef S s s e L e e .

lity for direct measurement of fragmentation function of
strenge quark (or multi-parton system containing a strange
quark as a valence one),

Now, after it has been shown that the second term in ex-
pression (7) is amenable to direct measurement by studying
differences in differentisl cross sections (4), (3) and (8),
(7) in K~ and Kt. meson beams, let us consider a possibility
to measure the first term (1/9)5: (x1) Sp(x2) DE‘.(E) ‘
that contains other functions of interest. Meanwhile we'll
consider a region of sufficiently large X; (approximately

Xy 2.0.2), where the third term contribution in (7) can be
neglected.

The function D§+(z) describing the fragmentation into
% *-meson of a multi-parton system that does not contain a
valence quark common with fi* meson has e shape rapidly fall-
ing with increasing Z , as distinct from the function
D,’f’(z) that describes fragmentation of a multi-parton system
containing a valence U-quark. So, for example, from data on
deep-inelastic V(V)p- scattering we know [23] that the ratio
of function of U -quark fragmentation into a "11]@" ( st )
and "unlike® ( M~ ) mesons behaves as ~ 1.3/ (1"2) (see
Pig.1). There are no direct experimental data for the function
of S =quark fragmentation into pions. One may, however,
expect that the corresponding fragmentation functions with
increasing z fall off more rapidly than in the case of U -
quark into q- meson, since the leading effect for a heavier
quark is more pronounced (for example, pion production in a

two-step process S.- K(890) —=RK 1cads to a softer

1
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spectrum for a pion than for a.n'unl:lke. pion in the process
u—-g'-’-vs"lt* owing to the difference between plon and kaon
masses). We come to the same conclusion when considering
multi-part.on system fragmentation into pions in the framework
of recombination model [24] ; calculationa done by this model
show (see Section 3) that the ratio Du (2)/])5 (2)>58
already at Z»0.6 and »>10 at 2 » 0.8 (see Fig.1). Thus,
if in the cross section of inclusive process (3) the contri-
bution of the first term that contains the searched function

S: (x) does not exceed on the avérage (5-10)%, then in the
cross section of semi-inclusive process (7) this contribution
at relevant valueé of varisble 2 can achieve some tens per
cent or even become basic, The relative contribution of the
first term in (7) increases also at X,~>={ . All these allow
to claim that there exists a possibility to determine experi-
mentally the shape of Sg(x) and Du () functions at
minimel model asaumptions. Further, the use of a usual para-
metrization of 'S:(x) function allows to estimate from a
joint analysis of cross sections (3) and (7) also normaliza-
tions of D’.Y(!) and Sp(X) functions, though, with a rela-
tively poor accuracy:

The above~cited qualitative consideration shows a principal
possibility to obtain a new required information on kaon and
Apro'ton structure functions as well as on fragmentation func-
tions of complex multi-parton systemas. A quantitative enalysis
based on the assumption on a recombination mechanism of semi-
inclusive Drell-Yan hadroproduction processes on the example
of reaction (1a) K*p — T (u*p )X 1s given 1n the

12




next aectidn.
3. Differential Cross Sections of Semi-Inclusive

K+P — ST +( p*p_) X  Process

In the calculation of differential cross section (7) we

used the following parametrization for proton structure func-

tions:
xu'{g (X) = 2Xdp(1-X)”/B(dp, [RE) | ' ‘. (10a)

'xd;(x) = Xdp(-1-x)h”/5 (cp, Ppt2) (10b)

xu; (X) = gp( 1-x)"g , | .(100)

XSp(x) = ApGp (1-x)"% | (104)

at the known values [21] of parameters op=0.55, f,=3.2,
I‘I.; = 8; the unknown parameter n.’,, = n# was also fixed;

the parameter le was varied in most probable (obtained from

various experiments) limits 0.2 ¢ Ap€ 0.5; gp = 0.35 at
‘RP =0,2 and 9? =0.,31 at 'ZP =0.5 ( average longitudinal

gluon momentum in proton is 50% [2,21] ); B(X,Yy) is the

Euler beta function. | ’

The kaon structure functions were parametrized in a similar -

way:
Xu.‘:(x)=x°‘ (1-x) /B (ol ,p',“ﬂ) (118)

13
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N
xs:(x)=x°‘ (4= %) /a(oci,p",',ﬂ) (11b)

(1)
n
XUK (%)= g (1-X) (11¢)

S
XS% () = Ak gu (1-%)" (114)

Fbr parameters that refer to kaon valence quarks the re-
sults of Refs [9,12] were used: a(: =0.45, d.i =0.9, P: =1.37,
bpi =0,92. For parameters referring to sea quarks it was
assumed that their values were close to experimental estimates
[11] of parameters of distribution function of sea quarks in
e pion obtained from the Drell-Yan processes: I1:=8.4,

g =0-11 at A¢=0.2; it was also essumed that Ny * Mx  anc
the average longitudinal gluon momentum in a K -meson just
vlike in a proton and pion is ~ 50%. Note, however, that
uncertainties in distribution functions of kaon sea quarks
affect the expression for differential cross section (7) only
in a limited region of X, variation ( X1< 0 2). o+

To calculate fragmentation functions Du (Z) » Dg (&)
and Dus (2) , we made use of the assumption on a recombi-
nation mechanism of the multi-parton quark-gluon system had-
ronization process [24] suggeated earlier to describe inclu-
sive hadron spectra with low tranaverse momente in the soft
hadron-hadron interactions [19,20] and used to estimate para-
meters of kaon struc%ure functions from experimental data on
fragmentation procesaes qt high-energy kaons into vector me-

gons [17]. In the framework of such an approach the fragmenta-

12



tion functions of interest have a form [24] :
* - -
sz (2)=0.24 2! d"°’(1-z) "78(1-01_,, (0) ,)’) *
~alp(0) (12a)
+0.06 (1-2)° 7 o8

a+ . §-cly()
2D (2)=0.06(1-2) ¥ (12b)

ZD’:‘; (2)=0.2 4zl-dy(O)“_a)l-49(75(,-41,(9), 1~ely0)+ pf( 1'20)
+0.06(1-2) ¥

where df(0)=0.5, dg(O) =0.1 are intercepts of @ and §

trajectories, J=1.63 [17] . '

Note that functions (12) describe fragmentation of multi-
parton systems into "direct" pions, i.e. without account of a
contribution from resonance decays; therefore in what follows
we shall restrict ourselves to a region of luarge 2P 0,5-0.6
where this contribution is small., Note also that within the
recombination models (19,20] the function sz;.;(z) is none
other than an invariant inclusive spectrum of the "direct"

¥ -mesons in Kfp- interactions in the kuon fragmentation
region [24] ; the results of calculations (to be published) of
these spectra where also a contribution from meson resonance
decays is taken into account show a satisfactory agreement with
the experiment. * ot

The ratio of fragmentation functions Dy (2)/]); (2)
versus Z is shown in Fig.1. Figs 2 show the dependence of
the ratio of cross sections (7) and (3) R‘(X, M,2) = )

- (d36/ ddedgf/(d’G/dde)' on one of v'ar_:laﬁlni

1

15
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X, M or 2 at fixed values of two others, The calculations
are performed for initiel momentum of Kt.meaon 300 GeV/c and
at above-cited values of parameters of structure functions of
proton (10) and kaon (11).

In FPig.?2 separately are shown contributi~ns of three terms
of expression (7); one can see that in the region of large Z
{( 22 0.5-0.7) the first term of interest begins to play a
noticeable role in the summary cross section} hence it can be
determined from the comparison of calculations with experiment.

The presented curves sre calculated at a value Ap = 0.2.
At larger values of .)p a relative contribution of the diagram
vith annihilation of the kaon strange antiquark to the summary
cross section of the semi-inclusive process enhances and cor-
respondingiy the expected accuracy of measurements of S: ) ,

* .
Sp(x) , .'D: (2) functions is improved.

4, Conclusion

We'd like to formulate the basic conclusion of this work.
The joint study of inclusive and semi-inclusive (accompanied
by a "tagged" pion) processes of the Drell-Yan pair production
in K* ana Kp- interactions as well as the analysis of the
obtained experimental data based on expressions (3), (4), (7)
and (8) allow one at minimal model representations to measure:
distribution functions of strange sea in the proton Sp(x) ,
those of nonstsange and strange valence quarks ll:(X) and

v . _ a‘.’- . x* . A
Sk (X) in the kaon; Dg () and -Du (2) functions of

'

multi=parton systems fregmer' .tion into pions.

16



Such measurements may'be carried out on high-energy proton

accelerators available.,
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FIGURE CAPTIONS

L ad ’1'
Fig.1. The ratio of fragmentation functions Dy (I‘!‘-)/.Dg (2)
obtained as based on expressions (12) (curve 1) and
+ - . . : '
Dg (,z)/.'Dar (2) (curve 2) from Ref.[23] versus Z.

Fig.2. The dependence of R(X,M,2) on X at M = 3 GevV,
2=0.5and M=50GevV, Z=0,7(a); on M Qat
X=0.3, Z=0.5and X=0.7, Z=0.7 (b);
on Z at X=0.3, M= 3GeVand X = 0.7,

M =5 GeV (c) for the value 3p= 0.2,
Curves 1, 2, 3 are contributions of diagrams
respectively with annihilation of strange valegce,

nonstrange valence and sea (anti)quarks of kaon;

4 - R(%,M,2) .
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