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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 n , q' and {(1440) mesons with account of quark-gluon
mixing [3,4] in the fragmentation region of proton in hedron~
-hadron interactions.‘The present Work is devoted to determina-
tion of inclusive spectra of pseudoécalar end tensor mesons in
the fragmentation region of proton, pioh and kaon, with account
of quark-gluon mixing in these particles.

In different recombination models (RM) (5~7] and in the
MRI too, the inclusive spectra of secondary hadrons with small
transverse momenta are dgtermined 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 écattering
of leptons on proton (deuteron). We have much poorer informa-
tion about parton distribution functions for pion and kaon.
There are only datah[a] obtained from the experiments on Drell-
~Yan pair production, relative toithe 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




———l

Kﬁti-‘;leissk&af model [9] and the MRM [10,11]. Paragraph 3 is
devoted to a brief discuééign of quark-gluon mixiné méchanism
in pseudoscalar and tensor sectors. In the last, fourth para-
graph the obtaiﬁed inclusive spectra of pseudoscalar and tensor
mesons and contribution of gluon sea of fragmentating hadrons
(;;Zton,hﬁt and K-mesoqs) 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 Dis#ribution in Pion and Kaon

Distribution functions of valence quarks. and sea partong

in proton have been discussed in detail in Refs.[1,10]. In this

t
paper, at determination of <inclusive spectra of tensor f,f
and 6(1690) 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:

-1+ . -1+ -1
g, (%)= ™ P 1-x” P4 g (Poy1 ¥t Bg,) (1.a)

it -1+ - -
qa(x.)=x.' P‘tz (1-x%) 1 M*p‘hB 1(‘@%2, XM +\P°”) , (1.b)

Qg(x) = gax"(1-xr’“‘”+‘3“v'”3‘“ y - (1.c)

where q, (i = 1,2) is quark or antiauark, & = v.4,d,d,s,s,G
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designate the sea parton kind, J,,= )2 9. - B(x,y) is EBuler's
a Ja

beta function. Parameters p$ characterize the behaviour of

the distribution functien of vaience quarks at x—0. PFor the

valence quarks of pion and the nonstrange valence quark of kaon
T K
Fu(d) - Sau(d) .
p: = 1 [12], the value of §m Dbeing determined from data

= 0.5 , and for the strahge valence quark of kaon

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

¥g = 1.6 and Y, = 1.3 . In Ref. [11] the parameters g,
have been determined by comparing the KRI predictions on freg-
mentation of i and K-mesons intq_hédron resonances with the
available experimental data on inclusive speétra of these reso-
nances. TheSe values are given in the table 1. In I'ig.1 are
presented the dist?ibution functions of valence quarks and secz
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, 9§ and K-mesons

"in the framework of different RM are determined by distribution

functions of partons in incident hadrons. It is assumed in the
IMRM fremework, 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 i (0<1i <€1) wnich belongs

to the considered substate., The value of W determines the
portion of the longitudinal momentum carried by éea partons of
incident hadron into the sea of the final one. The characteris-
tic feature of the MRM as.dompared with other RId, is the statis.

tical account of the contribution of sea partons of fragment-

5



ating hadrons to the inclusive spectra of secondary hadrons
(such conmtribution is deciéive for secondary baryon spectra
'ﬁhich are forﬁed on the diquerk of proton in its fragmentation
region [10]). From 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.

The invarient inclusive cross section {(x)= ;[—fil-:; ::f‘;,zd :

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]

f(x) = gCFvs (X1, X2)* Fog(X1,%)] RM(X' x‘)6(1 i'--—)c:lxﬂ:hq (2)

The first term (index -~ VS) in square brackeﬁs corresponds to
the H-—-M fragmentation in case when the final meson and the
incident hadron hdve 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
FVS(SS)(X1,x2) determines the distributions of two multiparton
substates with X4 and X longitudinal momenta, the first of
them containing quark a (thé second one contains antiquark b)
anq an arbitrary number of sea partons which belong to this
substate with w1(w§) probability, where W1 + Wz = W,
It is shown in Ref.[10] , that at fragﬁentation of proton

into meson, when the final meson and the incident proton have
"a common valence guark (Nv = 1, where NV is the nﬁmber of va-
lence quarks common for the incident .and final hadrons), the

values of W1 and Wz are close to zero; in case of Nv = 0 -

v e OOV TR K s Wandy TR e ie st we . e e e
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- W1 = w2 = 0, ''ne expressions for functions Fvs(x1,x2) and
FSS(X1,X2) corresponding to these cases, are given in Refs.[1,
10} . And in case of (Ji, K)-meson fragmentation into a meson
with one common valence quark Nv = 1, the parameter W, as

shown in Ref. {11], is other .than zero: W = 0.2 . In this case
the main portion of sead partons is carried by the common valence
quark, i.e. W, = W and W, = O, in cage of N = 0 = W, = VW, = 0
[11] . The functions Pyg(x,,%;) and Pyolx,,x,), determined with
account of the made remarks for the case with fragmentation

M(q1 ,q2) — i(a,b), are given below:
_t+(i-w”"+p$ 1 WEtBg, -1
Fus (%1,X2) =9, (1-X) ® X4 Xs
-1 - (3-3)
"B (W¥nt fg,, (1"W)¥m* Bg,))

-1+(1-W)¥mt 8q, (3.b)

*84e -1 -
Fog(X1:X2)=9, g (1-X) (X1Xz) - -

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

11] and have the following form:

1+ola _ 1+dg

-1
RM(21,22)=HMZ1 Z, B (da+1;dg+1) ’ (4)
where Z, + Z, = 1, Xa@) =" 1*¥m/2+fq ) , Ruca)y = 05,

3=1, ¥uy = 1.6, for pseudoscalar mesons Ay = 1, for

tensor ones Ay = 1/2 7[10,113 . The expressions (2), (3), (4)
fully determine the inclusive épectrum of HM(a,b) meson in the
fragmentation region of M(q1,q2) meson in the framework of

the MR,



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 =-é%—.— |uﬁ + d&), strange
5 = ]35> quarkonia and gl;xonium G = |gg>. The physical
states of |¥ > (in the pseudoscalar sectecr Y= n q' , L{1440)
in the tensor one - Y = £, £, ©(169C) are their linear com-
bination:
[¥>=XgIN>+Y,|S>+2¢lG >, (5)

2 2 2
where x",+.y‘v + By 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 megons consist of two gludns). Consequently, into
the quadratic mass matrix of isoscalar \mesons must be involved
the parameters J\N ’ Asg ’ J\G corresponding to this anni-
1ilation:

miu* ZJ\:Q V2’ Ana Asa ‘Eﬁuulqu

A .
Mg = V2 Aya Asa mga + -}\ga Asa Aaa 6)

NZ Ana Asa Asa Aga maGa"aiaiﬂ

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

sor sectors, respectively.

The physicel states I‘Pa> must satisfy the equation of

elgenvalues:



Malq"aj>=mf1jl"|}aj>) (1)

where Jj = n , n', L(1440) at a = P, j = £,£ , 0(169C) et
a =.T, in result one obtains three equations expressing the
annihilation parameters in terms of the maess of the ideal and

physical states:

2/\?\|a=(m2a' m:a){mzuamzsa(m:a‘mlavu)* mzma m:;a (mf.,a - m;a) +

+ masa mar,a. ( m;a = m:a)}d{m:a(mi.f N ma'l'tf' + mat.,e - mig) + (8.a)
+ M0, Mo M0 ~ Mg (MY, Myt g7+ M, Mg+ My M)}

2 _ 2 2 _ 2 -1 2 2 2 ? 2
}\sa—[mNa(mc,a‘msa)] [m'z,fm't’;f'm'-;e_m"“masamea T (8.Db)

2 R - 2 2 2
= MyaMgq 2o~ 2Ana Msa (mia-mua)] ’

2 _ 2 2 (8.c)
Aoa = Za‘ Z‘Ana - Asa
2 2
where Za ml"‘, + mrlf""m‘_e mNa msa"msa .
-1
The metriz Ug Ma Ug . where Ua is the unitary matrix trans-

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

b
gonal metrix with diagonal elements m?l , m%o , M9, or in ten-

sor case m?., m?., mz o This condition leads to the following

expression for Ugq

Xng Yng Enof

_ ’ (9)
Ua= | Xgigr Yy Zarg
Xl.,e HL)G ZL,Q
where xo.j = TZ—RNa .Rs,g(nga".mj)caj 3 (10.a)
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2 _
Haj = Aga Aga ( Mia = m;)Caj , (10.b)

Zaj= [a'liq]\ia -(m:la‘:Z‘K:“;—m;)(mi“*‘a:a_m} )] Caj ’ (10.c)

Caj={2Xha Aba (Mia=mf ) + A%a Aga (Mua - mf )* + |
(10.4)

+ [240a Aba ~ (Mia * 220~ m})(mia + Ao~ m§)P Y,
Thus, the weights x, , ¥y, » 2¢ ©0f ildeal states N>, |5> ,
| G > in the physical states |¥ > are functions of masses
of ideal and physical states, as the'annihilation.paramefers
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 n » q' , L(1440) pseudo-
scalar and f, f', 8(16390) tensor mesons has shown, that in
the pseudoscalar sector there takes placé a 8strong quark-gluon
mixing: in N meson the normal and strange quarks are almost
equally mixed and there is almost no gluon contribufion, in

n' meson there is a slight gluon admixture,  L(1440) by

~ 85% consists of gluonium with a sligh% admixture of normal
and strange quarks. In the tensor meson sector the f-meson
is almost a pure normal state, f'—meson - a pure s§ state,
and 6(1690) - a pure gluonium stafe, i.e. an“ideal mixing takes
place. All of these conclusions are based on the values of the

veights x , y , 2 of ideal states in the physical ones, which

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

v e Lo et e e ——-



4. Inclusive Spectra .of Pseudoscalar and Tensor

llesons

In the framework of MRM the invariant inclusive cross sec-
tions in case of il(a,q) meson fragmentaiion into la 3 > states,
where a = u,d,s , containing valence quark a of the incideni

mescn (IIV = 1), have the following form:

f(x) Pat Wi -1+ £y (1- W)Y B(fatWintdati,dat1) (11.a)
5m ﬂa (1-x ) B(Pai-WJM,Pf(i Wi, )B@ati,dat1)

in case of M(q1,q2)-meson fragmentation into |a,§> states not

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

-11-91'-? ]3921- Im

J - - .
€:f°"‘" 929z (1-%) . (11.b)

Then the invariant inclusive cross sections of I.I(q1,q2)-meson

fragmentation into | ¥>, | 5>, |G> states are determined by:

(12.8)

fN (x)= % [(f, X) * fo Dm—ud>* (F1X) t XDy a5 ]
5= [§, )+ £, 00 ] w158 ' (12.0)
£, ()= Gm gAge) (1_,()"*9%*!’1:*"" . (12....

inalogous expressions for proton Ifragmientetion into the same
states are given in Ref.[1] .

Invariant cross secitions of production of pseudcscalar and
I P

.5ensor nesons are determined in terms of miXing parameters of

1
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nonstrange, strange and gluonium components xj, yj, zj'( J =
K]
= n n', u(1440) or j = £, £, 6(1690) ) and invariant

cross sections fN(x), £4(x), fG(x) by the following expression:

£ 00 = X} £y () Y7 £, () * 2] $6.00) (13)

As already mentioned, thé parameter W determines the por-
tiion of the longitudinal mbmentum introduced by'the sea partons
3 of incidens hadron into final states |N >, |3 > or |G>. How-
ever, one can expect [1] that only a certain part of sea glu-
ong of incident hadron can teke part in the production of gluon
component in the =l meson; In the expression (12.c) the pare-
meoter A determines the portion of thé gluon sea of the frag-
mentating particle wﬁich takes part in the productibn of the

gluon component of final meson. The value of the parameter A

ER TN

can be determimed by inclusive spectra of pseudoscalar and ten-
a0r mesons., In Pig.2 are shown the comparison of model predic-

tions with the experimental data on inclusive spectra.of f-ﬁe—

gon in the frogmentation regions of proton and kaon.-at energies
of 32-GeV [13,14] and 405 GeV [15]. is the f-meson is almost

a pure | N > state, i.é. the gluon component is minute (zf =

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

ally the same at different A ( A = 0.1 and A = 1). That is

wny it is impossible to determine the parameter A by the

inclusive spectre of f-meson os well as by those of N -meson

(see Pigs.3-6). In contrast to this, the inclusive spectra of
L(144G) and €.1690) mesons in the fragmentation regions of

e

[¢)

n of incident particles, are sensitive to the parameter A

. . . ! . .
ze n.re the inclusive apecira of n and I mesons in the

12
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fragmentation region of proton (see Figs.3-6) and can give
quite a definite information about the parameter A . 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 especielly for pion and kaon.

In Figs.3-6 the calculated invariant inclusive cross sec-
tions of pseudoscalar n , q', 1(1440) and tensor f,f',6(1690)
mesons are given in fp and Kp interactions in the range of

-1 xs1. AS seen in these figures, in the proton fragmentation

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

0(1690)), which are candidates of glueballs are markedly larger
than in the fragmentation region of mecson.

Regardless the fact, that in proton as well as in . &~ and

.K-mesons approximately helf of the longitudinal momentum is

taken away by the sea partons (60%, 624, 46% [10,11] , respec-

tively), in proton ~85% [10] of this momentum is carried

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

whole momentum carried awdy by the sea particles (see also

RefsJB,7,16;17] )Je This circumstance is the reason for the no-

. ticeable difference in the production cross sections of partic-

les which can be candidates of glueballs in the fragmentaiion

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

3 and 4, where are presented the production cross sections of
aseudoscaler and tensor mesons at different values of.tl in
fip and Kp interactions at 100 GeV/c, cross sections of pro-
duction of L(1440) and ©(1690) in the proton fraémentation
regibn, are considerably larger than in fragmentation regions

of mesons,

13



frus, on experimentel measurement of the ratio of particle
procuction cross sections in the fragmentation regions of pro-
ton and meson ( 1 ’or-K) can onswer thé gquestion if the given
" particle is a glueball. .
’ The authors fhank Gulkaz}yan H.R. aﬁd Yeremyan Sh.S. for
helpful discussions, and also Amatuni A.Ts. and Hetinyan S.H.

for permanent interest in this work.



Table 1

Parameters of parton distribution in i and K mesons

M | Pu(d)’ ?s Sx.t(d).‘l dad) 9= s 9 ' = Ega
G 0.5 .1 - 0431 0.07 | 0.22 © 1.6
P 0.5 1. 1 0.25 0.06 0.18 | 1.3

Weightsrx, Y, 2

Table 2

in pseudoscalar and tensor mesons

15

FPseudoscalar 1 Tensor

n (549) £(1270)

b'e 0.730 "0.999

y -0.679 -0,0293

z -0.0751 -0.0307
n'¢958) £'(1525)

x -0.617 -0,0251

y -0,T703 -0,991

z 0.353 0,129
L(1440) 8(1630)

X —Q.292 -0.0342

v . =0.211 -0.128

pd -0,933 -0,991
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Table 4

.
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0.013
0.0053
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0.099
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Fig.1 Distribution of valence quarks xq(x) and sea partons
xUs(x)
a. in pion: valence gquark - curve 1; sea partons: non-

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

~ curve 4. .

! b. in kaon: guarks; nonstrange - curve 1, strange - curve
2; sea partons: nonstrange quarks - curve 3, strange

quarks -~ curve 4, gluons - curve 5.
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Pig.2 Inclusive spectra of f-meson in fragmentation regions
Of'p,p and K-mesons. a,b - at 32 GeV; ¢ - at 405 GeV.

Curve 1 - A= 1,Curveé- A= 0.1.
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