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1. Introduction

In Ref.[1], on the basis of muliiparton recombination mo-

del (MRM) [2] are determined the inclusive spectra of pseudo-

scalar l| , r̂' and 1(1440) mesons with account of quark-gluon

mixing [3,4] in the fragmentation region of proton in hadron-

-hadron interactions. The present work is devoted to determina-

tion of inclusive spectra of pseudoscalar and tensor mesons in

the fragmentation region of proton, pion and kaon, with account

of quark-gluon mixing in these particles.

In different recombination models (MI) C5-7] and in the

ISBM. too, the inclusive spectra of secondary hadrons with small

transverse momenta are determined in terms of distribution fun-

ctions of valence quarks and sea partons in the incident had-

ron and are poorly sensitive to the analogous distribution

functions in the.final hadron. Proton (neutron) distribution

functions are directly determined by deep-inelastic scattering

of leptons on proton (deuteron). We have much poorer informa-

tion about parton distribution functions for pion and kaon.

There are only data [8] obtained from the experiments on Drell-

-Yan pair production, relative to the distribution of the va-

lence quark in the pion and of the nonstrange valence quark in

the kaon. In paragraph 2 the distribution of valence and sea

partons in pion and kaon are described in the framework of the



Kuti-Y/eisskopf model [9] and the MRM [10,11]. Paragraph 3 is

devoted to a brief discussion of quark-gluon mixing mechanism

in pseudoscalar and tensor sectors. In the last, fourth para-

graph the obtained inclusive spectra of pseudoscalar and tensor

mesons and contribution of gluon sea of fragmentating hadrons

(proton, Si and K-mesons) into these spectra are discussed.

It is shown that the production cross sections of particles

which are candidates of glueballs are considerably different

in fragmentation regions of proton and meson.

2. Parton Distribution in Pion and Kaon

Distribution functions of valence quarks, and sea p*artons

in proton have been discussed in detail in Refs.[1,1O]. In this
i

paper, at determination of "inclusive spectra of tensor f,f

and 6(169Q) mesons in the fragmentation region of proton, there

are used earlier determined [10] distribution functions of par-

tons in proton.

The distribution of valence quarks and sea partons in meson

M(q1,q2), in the framework of the Kuti-Weisskopf model [9] is

determined by the following expressions:

where qn. (i = 1,2) is quark or antiauark, a = u.u,d,d,s,s,G



designate the sea parton kind, У = ZI 9 • B(x,y) is Euler's

beta function. Parameters £„ characterize the behaviour of

the distribution function of valence quarks at x->-0. For the

valence quarks of pion and the nonstrange valence quark of kaon

л = a
K
 = 0 . 5 . and for the strange valence quark of kaon

p
K
 = 1 [12], the value of Jf

M
 being determined from data

on Drell-Yan lepton pair production in pion and kaon beams [11]:

^ = 1.6 and- Y
K
 = 1.3 • In Ref. [11] the parameters Q

a

have been determined by comparing the MRM predictions on frag-

mentation of 5i and K-mesons into hadron resonances with the

available experimental data on.inclusive spectra of these reso-

nances. These values are given in the table 1. In l''ig.1 are

presented the distribution functions of valence quarks and sea

partons in pion and kaon at the values of these parameters

given in table 1.

As already mentioned, inclusive spectra of secondary had-

rons in the fragmentation region of proton, Si and K-mesons

"in the framework of different RIvl are determined by distribution

functions of partons in incident hadrons. It is assumed in the

MRM framework, that in the formation of a final hadron contri-

butes a certain multiparton formation, the distribution of

which is determined by its valence composition and the portion

of sea partons of incident hadron \l (0«Y/<1) which belongs

to the considered substate. The value of V/ determines the

portion of the longitudinal momentum carried by sea partons of

incident hadron into the sea of the final one. The characteris-

tic feature of the MRM as compared with other RM, is the statis-.

tical account of the contribution of sea partons of fragment-



ating hadrons to the Inclusive spectra of secondary hadrons

(such contribution is decisive for secondary Ъагуоп spectra

which are formed on the diquark of proton in its fragmentation

region [10]). Prom this point of view the MRM is a rather

well developed, phenomenological approach which allows to get

information on the role of- sea partons of incident (fragmenta-

ting) hadrons in the formation of secondary ones.
i г Е d̂ €T , z

The invariant inclusive cross section -f(x)= — !•= . .
 О
г"Р

т

J ' ЗГ J Ртах axqKf «

of M(a,b)-meson production, where a and b denote

a quark, antiquark or a gluon, in the fragmentation region of

H hadron in the MRM framework is determined by [10,11] :

The first term (index - VS) in square brackets corresponds to

the H-»-M fragmentation in case when the final meson and the

incident hadron have a common valence quark; the second term

(index - S3) describes the case when the final meson and the

incident hadron have no common valence quarks. The function

1
{1
„
1
,/

с
,о\(х

1
 ,Xp) determines the distributions of two multiparton

substates with x.. and x
2
 longitudinal momenta, the first of

them containing quark a (the second one contains antiquark b)

and an arbitrary number of sea partons which belong to this

substate with V/. (Wp) probability, where ViL + w'p = W.

It is shown in Ref.CiOj , that at fragmentation of proton

into meson, when the final meson and the incident proton have

a common valence quark (H = 1, where TC is the number of va-

lence quarks common for the incident and final hadrons), the

value." of V/. and 'Гц are close to zero; in case of N в О -



- VIL = Wg - 0. xne expressions for functions FygCx.. ,Xo) and

PggCx^jXo) corresponding to these cases, are given in Refs.[i,

10j . And in case of (5Z , Ю-meson fragmentation into a meson

with one common valence quark N = 1, the parameter W, as

shown in Ref. [11] , is other than zero: V/ = 0.2 . In this case

the main portion of sea partons is carried by the common valence

quark, i.e. W. = W and Wg = 0, in case of N = 0 - \'L a Wg = 0

[11]. The functions P^gCx^Xg) and Fg
S
(x-.j ,x

2
), determined with

account of the made remarks for the case with fragmentation

-t ,q
2
) "*" M(a,b), are given below:

-1
 ( 3

'
a )

i - (з.ь)

Functions of recombination into meson M(a,b) are from Refs. [10,

1i] and have the following form:

м
Г Г "

1
( Л а + 1,^

6
М)

 ;
 (4)

where Z, + Z
g
 = 1, ̂ a(g> = -|+ £м/2 +

^a(g) » ?u(d)
 =
 °'

5
»

?=''» K M
=
^ * ^ » ^

o r
 P

seu<
i

osc
alar mesons А„ = 1, for

tensor ones A
M
 = 1/2 [1-0,11 ] . The expressions (2), (3), (4)

fully determine the inclusive spectrum of M(a,b) meson in the

fragmentation region of M(q..,q
2
) meson in the framework of

the BRM.



3. Quark-Gluon Mixing in Pseudoscalar and Tensor

Mesons

In the model of quark-gluon mixing [3,4] , the ideal basis

contains state vectors of normal N s-^r|uu + dd >, strange

3 s | 3S > quarkonia and gluonium G = | gg >. The physical

states of | f > (in the pseudoscalar sector f= l| , fj' , 1.(1440)

in the tensor one - **K = f > f» $(1б9С) are their linear com-

bination:

-X f

2 2 2
where x + y^ + z^,= 1.

In QCD the quark-gluon mixing is due to annihilation of

quark-antiquark pairs into gluons (in the lowest order of the

perturbation theory the annihilation terms for pseudoscalar

and tensor mesons consist of two gluons). Consequently, into

the quadratic mass matrix of isoscalar mesons must be involved

the parameters A« , A§ , A
G
 corresponding to this anni-

lilation:

/ rn
N Q
+2A

N a
 v2A

N
aAso

г
M

a m
s a (6)

sa

where the index a = P,T designates the pseudoscalar and ten-

sor sectors, respectively.

The physical states | Ч*
а
 > must satisfy the equation of

eigenvalues:

8



aJ> , (7)

where j = rj ,4', l(1440) at a = P, j = f ,f' , 0(1690) at

a =.T, in result one obtains three equations expressing the

annihilation parameters in terms of the mass of the ideal and

physical states:

\гв - m*Na)

' f m i " m ( m

л п ы а т 5 а Иа"2ЛЫаГПза (m| a -m N a)]

,— z _,г г __г __г г
where 2-a = f^n,f '•''I'f'+ f T l t ,e ~ I T lNa ~ m s a ~ r n G a •

f
 t Л т i - * i ]

The matrix Ua m a ̂ o . where U o is the unitary matrix trans-

forming the ideal basis into the physical one, must be a dia-
2 2 2

gonal matrix with diagonal elements m» » nu» , n
 t
 or in ten-

2 2 2
sor case m

f
, ль,, т„ . This condition leads to the following

expression for U a
 :

/
 x
t»f y*i»f ^i>f \

(9)

where тв а-mj)Caj , (ю.а)

91



(Ю.Ъ)

\1U# С,

j)

а
 Л

г

з а
 " ( m

2

N a

+
 гл

г
„

а
-т5)(т

г

в а
 + Л

г

5 а
- m))]

Thus, the weights x^ , ŷ , , z
v
 of ideal states | Ы > , | 3 > ,

| G > in the physical states | Ч
1
 > are functions of masses

of ideal and physical states, as the annihilation parameters

are also functions of masses. In the framework of such an ap-

proach the analysis [3,4] of the available experimental data

on two-particle decays containing t| , t[' , L(144O) pseudo-

scalar and f, f , ©(1690) tensor mesons has shown, that in

the pseudoscalar sector there takes place a strong quark-gluon

mixing: in t| meson the normal and strange quarks are almost

equally mixed and there is almost no gluon contribution, in

r̂
1
 meson there is a slight gluon admixture, с(1440) by

.̂.85$ consists of gluonium with a slight admixture of normal

and strange quarks. In the tensor meson sector the f-meson
i —

is almost a pure normal state, f -meson - a pure S3 state,

and ©(1690) - a pure gluonium state, i.e. an "ideal mixing takes

place. All of these conclusions are based on the values of the

weights x , у , z of ideal states in the physical ones, which

have been determined in Ref.[4] and are given in the table 2.



4. Inclusive Spectra .-of Pseudoscalar and Tensor

Mesons

In the framework of Ш Ш the invariant inclusive cross sec-

tions in case of M(a,q) nieson fragmentation into ^a a > states,

where a a u,d,s , containing valence quark a of the incident

meson (П = 1 ) , have the following form:

) (11.a)

in case of LI(q
1
 ,qp)-meson fragmentation into |a,a> states not

x
 containing a valence quark of the incident meson (II = 0):

(11.b)

Then the invariant inclusive cross sections of I.I(q- ,qn)-^

fragmentation into |H>, |S>, JG> states are determined by:

(12.a)

analogous expressions for proton fragmentation into the same

states are given in Ref.[i] .

Invariant cross sections of production of pseudoscaler end

.tensor mesons are determineЛ in terms of mining parameters of

11



nonstrange, strange and gluonium components x., у., z. ( j =
J J J

= Ц , 4' , 1(1440) or j = f, f , в(1б9О) ) and invariant

cross sections fjj(x), fg(x), fg(x) by the following expression;

] ^ / (13)

As already mentioned, the parameter V/ determines the por-

tion of th« longitudinal momentum introduced by the sea partons

of incident hadron into final states JH >, |S > or |G> . How-

ever, one can expect £i] that only a certain part of sea glu-

ona of incident hadron can take part in the production of gluon

component in the \al meson. In the expression (12,c) the para-

meter A determines the portion of the gluon sea of the frag-

mentating particle which takes part in the production of the

•fcluon сотропви* of final meson. The value of the parameter Д

can be determined by inclusive spectra of pseudoscalar and ten-

aor mesona. In Fig.2 are shown the comparison of model predic-

tions with the experimental data on inclusive spectra of f-me-

eon in the fragraentation regions of proton and kaonat energies

of 32 GeV [13,14] and 405 GeV [15]. As the f-meson is almost

a pure |.II > state, i.e. the gluon component is minute (z
f
 =

= -0.0307), the theoretical curves shown "in Pig.2 are practic-

ally the sane at different Д ( Д = 0.1 and & = 1). That is

why it is? impossible to determine the parameter Д by the

inclusive spectra of f-meson as well as by those of n -neson

(see Vi£s.3-&)• In contrast to this, the inclusive spectra of

L(144O) -and €^1690) mesons in the fragmentation regions of

e:;.ch of incident particles, are sensitive to the parameter Д

ac :.re the inclusive 3pectra of П and 1 mesons in the

12



fragmentation region of proton (see Figs.3-6) and can give

quite, a definite information about the parameter Д . Besides,

the spectra of the same particles can be used for more exact

definition of the gluon distribution in incident hadrons, which

is rather important especially for pion and kaon.

In Pigs.3-6 the calculated invarisлt inclusive cross sec-

tions of pseudoscalar rj , q' , 1(1440) and tensor f,f',6(1690)

mesons are given in Sip and Kp interactions in the range of

-14 ics 1. As seen in these figures, in the proton fragmentation

.region the production cross sections for particles ( 1(1440),

6(1690)), which are candidates of glueballs are markedly larger

than in the fragmentation region of meson.

Regardless the fact, that in proton as well as in . SI - and

K-mesons approximately half of the longitudinal momentum is

taken away by the sea partons (60#, 62
c
,i

t
 46% [10,11] , respec-

tively), in proton ~85% [Ю ] of this momentum is carried

away by gluons, while in mesons they carry ~ 14% [11] of the

whole momentum carried away by the sea particles (see aiso

Refs.[6,7,i6,"17j ). This circumstance is the reason for the no-

. ticeable difference in the production cross sections of partic-

I les which can be candidates of glueballs in the fragmentation

regions of proton and meson. Indeed, as seen from the tables

3 and 4, where are presented the production cross sections of

pseudoscalar and tensor mesons at different values of Д in

• Si p and Kp interactions at 100 GeV/c, cross sections of pro-

duction of 1(1440) and 6(1690) in the proton fragmentation

region, are considerably larger than in fragmentation regions

of mesons.

13



Thus, an experimental measurement of the ratio of particle

production cross sections in the fragmentation regions of pro-

• ton and meson ( 51 or К) can answer the question if the given

particle is a glueball.

The authors thank Gulkanyan H.R. and Yeremyan Sh.S. for

>

helpful discussions, and also Amatuni A.Ts. and Matinyan 8.H.

For permanent interest in this work.
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Table 1

Parameters of parton distribution in Si and К mesons

м

SI

к

о.

о.

id)

5 ."

5

-

1

9u(d)

0.

0.

ж За (5)

31

25

*

0

0

= 8*
.07

.06

9

0 .

0 .

* !

22

18

t-

1

1

.6

.3

Table 2

Weights x, y, z in pseudoacalar and tensor nxesons

X

У

z

x
у

z

X

У

Pseudoscalar

fl<549)

0.730

-0.679

-0.0751

•X'(958)

-0.617

-0.703 •

О.Э53

L(144O) -

-0.292

. -0.211

-0.933

Tensor

f(127O)

"0.999

-0,0293

-0.0307

1''(1525)

-0.0251

-0.991

0.129

6(1690)

-0.0342

-0.128

-0.991
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Fig.1 Distribution of valence quarks xq(x) and sea partons

xCts(x)

a. in pion: valence quark - curve 1; sea partons: non-

strange quark - curve 2, strange quark - curve 3, gluons-

- curve 4.

b. in kaon: quarks; nonstrange - curve 1, strange - curve

2; sea partons: nonstrange quarks - curve 3, strange

quarks — curve 4, gluons - curve 5»
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