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1. Introduction 

The recent rise of interest in the study of hadron pro-

ceases with small transverse momenta is related to the attempts 

to explain the features of these processes basing on the quark­

parton structure of hadrons. A number of recombination-type 

models [1-8] are proposed where connection is established bet­

ween the incident hadron quark-parton distribution functions 

and inclusive cross s~ctions of hadron production (hadron~ 

with small PT are meant further) in the fragmentation reLion 

at values of the Feynman variable X= P11 / P 9 0.2, where P is 

the incident hadron momentum, P,1 is the loneitudinal compo­

nent of the secondary hadron momentum in the c.m.s. As a basis 

for this served the experimental fact of the approximate simi-

larity of distribution function of the proton valence quarks, 

defined from deep inelastic lepton processes, and inclusive 

spectra of proton fragmentation into 91± -mesons. The latter, 

according to the models, are produced as a result of recombi­

nation of a fast valence quark and low-energy antiquark from 

the composition of the inciden" proton. The recombin~tion pro-
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bability is defined by the recombination function that is cho­

sen phenomenologically [1-5] or is expressed via distribution 

functions of compound valence quarks (valons) in the final 

hadron (6-7]. 

One of the basic assumptions made in recombination models 

consists in the fact that in "soft" collisions the valence 

part of the structure function of incident hadrons does not 

undergo essential changes* (soft gluons participate in the in­

teraction act [1-2]). As for distributions of sea partons, 

they may undergo changes (e.g. some part of the gluon sea may 

change into the quark-antiquark sea). However, in the frame­

work of recombination models these changes practically do not 

affect the form of inclusive spectra of final hadrons in the 

fragmentation region but influence their absolute yield (4-7]. 

The characteristic feature of the above recombination mo­

dels is the assumption that a limited number of partons (two 

in the case of meson production, three in the case of (anti) 

baryon production) whose total longitudinal momentum defines 

the longitudinal momentum of the final hadron, "transfer" from 

the parent hadron into the detected hadron. An opposite from 

this viewpoint is developed in the framework of additive quark 

model [9-10], according to which whole clusters of partons, 

constituent quarks (valence quark-parton with its "cloud" of 

sea partons) take part in hadroproduction. The portion of the 

incident hadron sea, contributine the longitudinal momentum 

* The approximate account of annihilation effects of valence 

quarks of colliding hadrons is done in [8]. 

1 

into the final hadron , is approximately W o: m/m where m 

is the number of valence quarks in the incident hadron, rn' is 

the number of valence quarks common for incident and final 

hadrons . 

The question what role the parton sea of the incident 

hadron plays in the production rf final particles in fragmen­

tation region, apparently cannot be solved theoretically as 

yet. In this paper we ·propose a phenomenological approach 

which would allow, comparing predictions to experiment, to 

make certain conclusions on the fact what portions of the final 

hadron longitudinal momentum are brought by valence and sea 

partons of the incident hadron. It is shown (after the example 

of proton fragmentation) that in the dependence on the type of 

the final hadron h , for definite classes of processes P--h 
a mechanism is realized similar to two (three)-parton recom­

bination [1-8], and for other processes a situation occurs 

when an unlimited number of partons participate in the hadron 

h production (as in the constituent quark model (9-10]). 

In section 2 we present a brief description of the Kuti­

Weisskopf model [11] that is used, following [4,5,8] to desc­

ribe the multiparton configuration of the incident hadron. Pa­

rameters of the Kuti-Weisskopf multiparton distribution func­

tion are fixed [8] ~n accord with the data of deep inelastic 

lepton-nucleon scattering. The procedure of separation of mul­

tiparton substates is described, that contain a valence quark 

and an arbitrary number of sea partons, and the X -distribu­

tion of such a subsystem in the nucleon is shown to correspond 

to the distribution for valons . 
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In a similar way in section J we separ~te the multiparton 

substate with a definite quark composition corresponding to 

that of the final hadron. The inclusive spectrwn of the final 

hadron is shown to have at X - 1 the dependence ( 1 - X )g and 

is defined by ·~he X -distribution of the separated subsystem 

and is practically independent of the function of its recom­

bination into a final hadron. It is shown that the exponent g 
is defineci by the number of conunon valence quarks m' and pa­

rameter VII , that define the probability for the incident 

hadron sea parton to belong to the final hadron sea. Values of 

W for various processes P - h are estimated basing on the 

comparison with expeimental data. Calculation results of in­

clusive spectra for the processes P _.gr± are presented in a 

wide interval by the variable X 

2. Modified Kuti-Weisskopf Model 

The multiparton distribution function for protons is des­

cribed in the Kuti-Weisskopf model [4,5,8,11] by the expres-

sion 

where 

dP::: l(P)L:dPn 
n 

1 Vu(.X1 )dX1 

dPn =21 Jx~ ""x~' 
Vu<><2)dX2 

~ x~ ""x~' 
Vc1(X3)ciX3 

~xi;- xi ' >< 

(1) 

xn-1-, fl SCl(Xaj)~X~ 8(1-f:..x· - L ~Xaj) 
Cl. (na). J=1 J xaj + x~ j=1 J Cl j=1 

(2) 

Here o.:u,Li,ct,ci,s,s, G denntes the sort of the sea 
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parton, na. is the number of partons or the sort a,n = !:: na. 
Cl 

XT = J-1/P where JA is the effective transveree 11888 of the 

parton, P is the proton momentum (P.:PJ9· Vu(X), Vct(X) and Sa (X) 

are the so-called primitive distribution functions of valence 

and sea partons, respectively. Their form is preaented in Ap­

pendix A. c(P) is the normalization factor defined from the 

normalization condition Sci P = 1 . 

The distribution density of' the valence quark-parton or 

sea parton of' the type a. is obtained by SUllllllation of' the 

expression (1) by the quantity of remaining partona and integ­

ration over their X -variables. Distributions for valence U, 

d -quarks and sea quarks and gluons, respectively, have the 

form (see Appendix A): 

U(X) =ix ( 1-x/'6 
ud 

8
2 

( 1 ; f - x) {Ja) 

ctcx)= )x-u-x/'6 B~u(1; 1-x) (Jb) 

2 
9a. )4-,1 tl<a 

Q5(x) =-x(i-X 83(1; 1-.x) (Jc) 

The form of functions B N (CU 1 X) at various values 

of' the parameter CU is given in fig. 1. Parameters g! and l<a 

from the expression (Jc) are given in Appendix A. Distribution 

densities for partons of various sorts are presented in f'ig.2. 

Let us now find the distribution density of the multipar­

ton substate that contains a valence quark and an arbitrary 
I t 

number n : E. na. 
Cl 

of sea partons. To do so. one should sum 
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the expression (1) over the number 
I I 

n -n. = :L (t1a - na) 
ct 

of 

partons that are not included in the separated substate , and 

integrate over their X -variables. Let us require that this 

substate contain on the average W = 1/3 of the total num-

ber o! sea partons (which occurs in the case of the constitu­

ent quark-T&lon). In this case an additional factor 
~ ~ n~~ ~ n Cn.. W (1-W) , where CnCl are the b.inominal 

a. 
coefficieata, is introduced in the sum (1) on summation over 

n- n' • The thus obtained distribution densities of u - and 

J) -valonL ln a parton have the form: 

0,7 2 4 CJ ( i 2. ) U(><)=X (1-X)' 8 1 313;X,1:-.X (4a) 

] 
o, 7 ·2,4 d ( 1 2 1 ) 

lX) "' X ( 1- X) 81 3 1 3; X 1 - X (4b) 

utct) 
where !unctions 8 1 ( CU1, CUz; X1 1 X2) are defined in 

Appendix B. l"unctions U lX) and J) (X) satisfy the norma­

lization condition: 

1 s Li(x)dX = 1 , 
0 

The form of the functions 

tribution densities of U 

are given in fig.3. 

1 

~Dlx)dx = 1 (5) 

0 

U(x) and DC><) as well as dis­

and .D -valons, presented in [6-7] 

3. Multiparton Recombi:i:i-ation Model 

Consider now hadron production in the proton fragmenta­

tion region. We suppose that the incl~•iTe oro•a section of 
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the hadron production of the given sort h is proportional 

to the probability of finding in the proton a substate with 

the valence composition of the hadron h and having the 

momentum equal to that of this hadron. This probability de­

pends both on the number rn' of valence quark-partons, that 

are collllllon for proton and hadron h (rn'= 0,1,2,J), and the 

probability VII for the sea parton of the proton (besides t he 

sea partons that occur in the final hadron as valence quark­

partons) being a part of the hadron h • Note that in the 

above models [1-10] the value of VJ../ is actually given a pri­

ori'. in recombination models [1-s] it is always W .. O, where­

as in the constituent quark model [9-1 OJ W ::::< m'/ 3 • In our 

calculations the value of VII upped.rs as a free parameter 
I 

depending on m , and is def:i.ned from the comparison w1 th the 

experiment. 

Consider the process of the proton fragmentation into~+­

meson. Let us separate in the proton the substate that con­

tains a valence u -quark of the proton, a a -antiquark nntl 

an arbitrary number of sea partons that "belong" to thia sub­

state with the p:..·obabili ty W • Consider '10W the recombination 
+ of the separated multiparton state into ~ gj -meson. It is 

assumed, as in [6-7], that recombination stages are preceded 

by the formation of constituent objects - valons that recombi­

nate into a final hadron. However, unlike [6-7] , where the 

formation of valons proceeds due to quantum-chromodynfllllic evo­

lution of the separated quark-parton, whose momentum is equal 

to that of the valon, in the present report it (in this case 
-

formation of U and .D -valons) is assumed to proceed by 
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neans of statistical regrouping of partons within the separat­

ed multiparton state. Probabilities of the sea parton belong-

ing to U- or :0 -valons are assumed then identical and 

equal to W/2 • Then the probability density of U - and D -

valons carrying, respectively, portions X1/X and xajx of 

the total momentum of the separated multiparton substate, is 

defined by the expression (see Appendix B) 

F !Ai (X1 'X2) = 2( 1-4'6(1-W) x,-o,5+1,BW x -1•1,sw 2 ,,. 

xC~(f-W,;f-X)C~(; ;X 1)C:(~ ~X2)/C3(1; 1) (6) 

Here X = )(1 t X 2 

Appendix A. 

, fun<'•ions CN ( c.:>; x) are defined in 

The function R \. ~1 , ~fa) of the U- and D -va-
X· t 

lons (!:lj=Jt1j=f,2) recombination into a ~ -meson is defined, 

as in (6-7], by means of the distribution density of valons in 

" a pion G ( ':J11 Ya) 
gr 

Rl~11Ya)= ~1~2G ('::11,!:fa) (7) 

The inclusive cross section of the proton fragmentation into a 

srt-meson for the case, when the latter has a common with the 

proton valence U -quark, equals 

; :~ (P-~·)=2(1-x/'6 <1-w>c:c\1-w; 1-x) ,,. 

S 
-o,5+1,SW -1+1,sw u(W ) d(W ) 

X1 X2 C1 y;x, C0 y; Xa "' 

"R(~',~)o(f-~1 - ~2 )clx,dxa 
(8) 
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It is seen from the expressions (7) and (8) that at any finite 
~ 

function G (':J 1 , !:fa) X -dependence of the inclusive cross 

section (8) at X -1 is defined by the X -dependence of 

the expression Fu.s(X1 ,Xa) (formula (6)) and behaves like 

( 1- X )g. Similarly one may ensure that the same occurs for 
I 

other fragmentation processes h - h as well. 

Thus inclusive spectra of hadrons at X - i are defined 

by properties of the separated multiparton state and are prac­

tically indJpendent of the form of recombination function, 

i.e. of the final hadron structure. Note that one . may come to 

a similar conclusion considering recombinations of few-parton 

(two- and three-parton) systems. 

Consider now properties of separated multiparton states 

for the general case P - h 

Let us separate in proton a substate containing rn' com-

mon with proton valence quarks and n 11 quarks (antiquarks) 

from the sea that define the valence composition of the finul 

hadron, and an arbitrary number of sea partons belonging to 

this substate with the probability W that depends on m' 
Grouping partons into valons, we obtain the distribution den­

sity of the configuration, when the latter (valons) carry por-
m1+n11 

tions X,/x ... Xm•+n"/x (.X = f, XJ) of the momentum of the 

considered substate (see Appendix B). 

In virtue of the abovestated, the inclusive cross section 

of the process P - h ai X - 1 behaves like ( 1 - X )~ 

where the exponent g is defined by the expression 

g=-1+(1-w)L:92 + f. .13 . (9) 
o. o. j=m'+1 J 
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Values of ~a. and J3.. are presented in Appendix A. 
J 

Exponent g for various processes P-h at various 

values of W as well as experimental values of exponents of 

inclusive spectra are shown in the table. It should be noted 

that experimental values of g are defined (except for the 

diffraction process P- P in the region of the variable 

X , which is not very close to 1. In this case, as 
+ 

see below, particularly for the processes P - ~-
. g 

sive spectra do not obey the dependence ( 1- X ) 

we shall 

, inclu-

but have a 

more complicated X -dependence, therefore, one may speak of 

some efficient exponent 8eff only, which somewhat differs 

from the exponent at x-1 
Nevertheless, using the data plotted in the table, one 

can make the following qualitative con0lusions. Values of W 
I 

are almost the same for similar quantities m of valence 

quarks that are common for incident and final hadrons, and 

' ..re different for various values of m . In processes of 

diffraction type P-P (m
1

=3) 'Ill is close to 1, i.e. the 

parton sea is almost completely transfered to the final had­

ron; in processes involving diquarks (rn'= 2) of the type 

P-n, P-1\ etc. W:: 2/3 , i.e. the diquark, as a 

strongly bounded system, "takes away" approximately 2/J of 

the initial sea, whereas at m' = 1 (in particular, processes 
+ of the type P- gr- ) the valence quark partially or almost 

completely loses its cloud ( 0 ~ W < 1/3 ) : in processes not 

involving valence quarks ( m' = 0) practically no sea is 

transfered to the final hadron ( W c:! O). 

Consider now, after the exo.mple of the proce.os p- gr:!: 

12 

inclusive spectra of hadrons in a wider region by X (0.2~X<. 

< 1 ). At W = 0 inclusive spectra calculati on results are 

reduced to results of two-parton recombination models. Using 

the distribution density of valons in a pion in the form [G-7] 

Gsr(~, ,y 2):[r2(c£+1)/r(2ol+2)](Y1 l::Jz/' 

\ f (X) are Euler's gamma functions) at d = 0 [6-7], we 
+ obtain the following expressions for inclusive spectra of gj- -

mesons: 

X d(J 4 z 5 3 6 2 uc:I a:- dx (P-97"+) = Tgctx0
' (f-x)' (1-5x) 82 (f) 1-x)t-

+ ~~ ~; (1-x/"'1(1-x+x/6) 83 (1~1-x) ( 10a) 

X cla- _ 2 2 o,5 3 G uu 
a=- dx (P-g; )"'T~ux (1-x)' (h<+6x/35)82 (1j 1-x)+ 

z a 4- 1 
+ ~d ~ ri ( 1- x) ' ( 1- x + X ;...' 6) B 3 ( 1 ; 1 - x) 

( 10b) 

The first summand in (10a), (10b) describes the contribution 

made in the inclusive cross section by the process of recombi­

nation of U (.D) valon that contains a valence U (d ) 

quark of proton, with the .D ( U ) val on, whereas the second 

summand describes the contribution made in the inclusive cross 

section by the process of recombination of U CD ) val.on 

that contains no valence U (d) quark of proton, with D 

( U ) val on. Expressions ( 1 Oa) and ( 1 Ob) satisfactorily describe 

the X -dependences of inclusive spectra of g;! -mesons in the 

region X ~ 0.4, however, by their absolute val.ue the7 (r.ote 

that expressions (10a) and (10b) contain no additional norinali-

13 



zation factor) are approximately twice lower that experimental 

ones. This is explained by the fact that after the incident 

proton interaction act, the contribution of sea quark-anti­

quark pairs is already not defined by values of ~! , ext­

racted from deep inelastic processes but increase due to gluon 

component (i.e. G-Cf~ transitions) [4-7]. The value of this 

increase is defined [4-7] phenomenologically - by comparing 

theoretical calculations with experimental spectra of pions. 
2. 

In expressions (10a) and (10b) we have used values of ~u(u) 
2 

~ct(ct) = 0.265 which are twice as large as those extracted 

from deep inelastic lepton-nucleon processes. Calculation re­
+ 

sults are compared to experimental inclusive spectra of gr-_ 

mesons in fig.4. 

In the region X ~ 0.4 the agreement with experimen-

tal data is satisfactory. In the region X < 0.4 a substan-

tial contribution in the inclusive spectra of 9T ± -mesons may 

be made by decays of meson resonances (in particular, f -me­

sons [13] ) as well as the pionization process in the central 

region. 
+ 

Experimental and calculated ratios of 91- -mesons in PP -

interactions are presented in fig.5. 

As has already been noted, the inclusive spectra (10a) 
+ g 

and (10b) of gr- -mesons have the form ( 1-x ) at X - 1 

( ~ = ).6) only. In the region of smaller values of X , where 

values of b are defined experimentally, the approximation 
geff 

of the expressions ( 1 Oa) and ( 1 Ob) by the dependence ( 1 - X ) 

yields the following efficient values for the exponents geJf 
intheregion X::: 0.9 geff(P-5ii")~3.4. Seff(P-fli-):::3.7, 

14 

in the region x ~ o.6 Seft(P-$1+)~2.1, &eff(P-gr)~J.J. 

These values do not contradict the experimental estimates of 

the exponent g (see the table). 

Inclusive spectra of baryon production ( P -- 8 ) will be 

presented in subsequent publications. Note only that at W zO 

that corresponds to the three-parton recombination model, the 

calculated spectra for processes with two couunon valence 

quarks ( ud or uu ) strongly differ from experimental ones 

at values of the Feynman variable approximating 1. The best 

agreement of the model with the experiment is obtained at 

\lV~2/3, in other words, tnere occurs a mechanism like that 

proposed in the constituent quark model [9-10]. 
Note in conclusion that the proposed multiparton recombi­

nation model allows calculation of other one-particle and mul­

tiparticle spectra of the fragmentation process h-h,he ... hti 

if the structure functions of hadrons involved in this process 

are known. 

Thanks are due to S.R.Gevorkyan, A.A.Grigoryan, A.Yu.Kho­

jamirian and S.G.Matinyan for helpful discussions. 
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Appendix A 

The Kuti-Weisskopf model [4,5,B,11] defines the multi­

parton distribution of a hadron composed of rn valence 

quarks ( m • 2 for mesons and m "' 3 for baryons) and an 

arbitrary number of sea partons (quark-antiquark pairs and 

gluons). The latter are considered distributed independently 

and statistically. The probability density of ( m + n. )-parton 

configuration ( n is the total number of sea partons in the 

configuration considered) is defined by the following expres­

sion [4,5,B,11] 

m ~ (.Xj)dXj n 1 n" .. Sa.(.Xo.j)dXo.j 
dPn=nJ2 z' tn)' ~ z z' x 

j:1Xj +XT a. \ "· j•1Xo.j + Xr 

m no. 

)I, 8 ( 1- L Xj - L'.: ~ Xaj ) 
J=1 ct J~f (A.1) 

Here X is the Feynman variable; a=u,u,d,a,S,S,u 
denotes the sea parton sort (contributions of heavier quarks 

are not considered), na. is the number of sort a partons, 

n= ~na. ; Xr"" f/P , where !" is the effective trans-

verse mass of the parton, P is the hadron momentum ( P .::$> }" ) 

Functions \1 (x) and Sa. (x) are the so-called primitive dis­

tribution functions (distribution functions without considera· 

tion of the energy-momentum conservation law) of valence and 

sea partons, respectively. These functions have the form [4, 
5, a] : 

p. 
~ (x): X J ~ (X); ~ (0) = 1 1 J3j) 0 

(A.2a) 
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2 e 
Sa(X)=9aPctcx); Pa(o)=1, 9a>O (A.2b) 

where ~-(x), Pa.O<) are the polynomials ( j ::1,2 ... m; a= 

=u,u,d,ci,s,s, CT ). Hadron is considered as a sum of va-

rious ( m + n )-parton configurations: 

d.P = Z.(P) L: dPn (A.3) 
n. 

·where Z ( P) is the normalization factor (statistical 

weight) and is defined by the normalization cm. di tion S d P =1. 

The Kuti-Weisskopf model allows to obtain one-parton anc 
I I I 

arbitrary (rn+n )-parton distribution densities ( m is the 

number of valence_ quarks( 0~ rn'~m )). Such a distribution is 

I I • ci P. obtained after ( m "'n-m-n: )-fold integration of n and 

summation over n. from n' to infinity. 

For example, the distribution density of the k-th va­

lence quark ( m' = 1, n.' = 0) has the form: 

v V,..(X) 
00 ~ m. I ~ (Xj) d.i<j 

J,,(X)=2.(P)-X-L_ n ~x?+x21 x 
"' n=O j=1 J T 

i l1a. Sa (Xaj) dXcaj m. n,. 

"'n(n,.)! n Jx2. +Xa I 8(1-~Xj-L: ?=-xGj) 
a. J=1 ClJ T p1 ct ;=1 

(A.4) 

The prime at the multiplication (or sum) sign implies that the 

term with 

Since 

j = R is not taken into 

o(x)=-·1-Td~ ei.!)( 
zg; j s 

.r\x)=-Z(P) Vr<(X),. 
JK cgj X 

account. 

, we find 

K7°d ~ ei.s(I-><) .n' VJ (x,~) exp ( L. ~~ Sa(x, ~)) 
j S J•I Cl 

- "° 
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I 
where the following notations are introduced: 

1-x 

\'i(x,~) = ~ 
0 

~ <y) e-i.!!J d.y 

J':Jz+xi, 

1-x 

Sa (x > f) = ;! ~ 
S"(y)e-i.!!1d!:l 

~ ~2+x~ I 
0 

(A.6a) 

(A.6b) 

Allowing for the expression (A.2), functions ~ (X, s) 
Set (X, S) may be presented as 

and 

p. f p. -i. s(f-x) ~ di 
~lX1 ~)::(1-x)J~~J~(<1-x)2)e . T (A.7a) 

0 

f SaV<,~)=f[Pa(<1-x)z)e-i.~(f-X)~_1] d~+ en 2(1-X) 
~ i! XT (A.7b) 

Then we obtain for the distribution density of the k-th va­

lence quark, allowing for the normalization condition, the 

following final expression: 

m 
V VK (X) -f+K+.f=i'J3j r (X)=-x-(1-x) -i B(m-t)(1;1-x) 

JI( ' 

where ~ = ~~!) Btm_1,t1; x) = Ctm-1,(1 ;x)j Cm (1j1) 

Functions CN(cu;x) , where 0.(. N~m, O~c.:>~i, 

defined by the following expression: 

18 

(A.8) 

are 

I 

+oo . N 1 
1 (' •1 ( P· -t~i! dz 

CN(~;x),,.zg; Jdge fJ /~: J ~(><i!)e -y-.>< 
-oo 0 

z ( [ -i.~i! ] d.c) 
x exp((i.)~~<1 j PC1(x~)e -1 T (A.9) 

(l 

The physical meaning of the parameter cu will be exp-
I I 

lained below. In a similar way arbitrary ( m + n. )-parton 

distribution functions are obtained. In particular, for the 

distribution density of valence and sea partons in proton we 

have: 

Vu (X) -l+a'+ftu+Pct ud 
U(X)==2-x-(1-x) B2 (1~1-x) (A.10a) 

YctCX) -1+d'+2J3, uu 
d(x)=-x-(1-x) uB2 (1j1-x) (A.10b) 

Qs(X) = S;<x\1-xff+d'+2f'~+Pct 8.,(1; t-x) 
(A.10c) 

where a:u,u,d,c1)s>s, G- • Functions V"(X), Vcl(X) 

and SC1(X) are defined by the expressions (A.2a) and (A.2b). 

Superscripts of the function BN ( U), X) reflect the fact that 

primitive distribution functions Vex) for valence U and 

cl -quarks differ. 

!rb.e following expressions for primitive distribution 

functions of quarks and gluons in proton are obtained from da­

ta on deep inelastic scattering of leptons [a]: 
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V o,5 o,S 
u(X)=-X 1 Vc1.(x)=X (1-x), 511 (.X) = ~! ( 1- x/" 

o2 =0a=02 =02 ::01375· 0
2

=0
2 =00095 · 0

2 =3 · 
a~ du ad. dct ' ' as ds ' ' a~ ' 

z 1<.,=1<u = 1< 4 =Rct=f; 1<5=K6 =1,2; 1<~=217; ~= ~9 .. =3,6 

(A .11 ) 

Distribution densities for valence and sea partons in proton, 

allowing for (A.10) and (A.11), are given in section 2 (exp­

ression (3)). Plots of these functions are presented in fig,2. 

Distribution densities of two and more valence quarks are 

defined by means of the values B~ (1; x); B~(1;x) and 
IL cL UU ud 

Bo(1; x) • Functions Bo(c.»x), B, (C&>;x), 81 ((.c')jX), Be (CiljX), Ba (W;X) 

and 83 ((&); X) at various values of the parameter cu=O, 1/.3, 
2/3, 1 are presented in fig.1. 

Appendix B 

The Kuti-Weisskopf model allows calculation also of the 

( -distribution of arbitrary multiparton subsystem as a whole. 

~s a particular case serves the valon that contains a valence 

quark and on the average 1/m sea partons of hadron (the 

probability of the given sea parton belonging to the valon is 

'ij/= 1/m. ). In order to obtain the distribution function of the 

valon in hadron, one should introduce an additional weight 
11:.. n~ na·n' 0 

factor n Cn,., W ( 1- W) a , where n.04 is the num-
a. n~ 

ber of type Ct sea partons belonging to the valon ( Cn,. 

are the binominal coefficients) when summing expressions (A.1: 
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over the number of partons that do not enter into the composi­

tion of the given valon. Then the distribution density of the 

quark-gluon subsystem that contains one_k-th valence quark 
I .._-- I 

and n. =- ,(_ n.. sea part ons, may be writ ten down as 
Q. 

2P (f-111':>1 -1+(f-W)K+£1p, 
d.Fn' = Z(P)(}A) (1-x) J•1 J C<m-1)( 1- \IV; f-x) 

V,«x .. )dx.. 1 n~ 
'\fx2 + x 2 ' n (na.')I n 

K T Q. ' J=1 

n.:. 
x 8 (x - XK - L: L. xa..i) 

a. J=1 

WSc:.i(Xa.j) dXa.J 
'1X,11. + XZ I 

a.J T 
" 

(B.1) 

The distribution density of the k-th valon, as a whole, 

is obtained from the expression (B.1) after integration over 

remaining variables and summation over n' = L. n~ 
Q. 

to infinity: 

G
v -1+W~+P,. ·f+(i-W)K ~· 

(X) =x (1-x) + L. a. 
K J=l fj 

)( 

x B 1 (W,1-W~ x, 1-x) 

where the following notation is introduced: 

from zero 

(B.2) 

Bm' (c.>1 ,c.:i2; x, ,X2)=Cm•(c.)1;X1)C(m-m'){G>ai.X1 y'Crn(I j 1)"" 

.xS(1-cu,-c.u2 )0(1-X1-x2) 
(B.J) 

The argument CU of the function C N ( CUj X) (expression 

(A.9)) is defined by the value '\II which is the probability 
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for the sea parton belonging to the separated multiparton 

state. 

Note that at W-0 the expression (B.2) transforms in­

to the expression for the distribution dens:ty of the k-th va­

lence quark-parton (A.B), since 

+oo • 

C1(0;x)= ~sr ~d~e'fj.c13K~(X2.)e-L~z~c= 
-oo 0 

1 ~ di! 
= ~z I( ~(xz)o(i-z)y= P"'<x) (B.4) 

0 

Substituting values of parameters (A.11) in the expression 

(B.2), we obtain. distribution densities for U 
lons in proton (at W= 1/3 ) : 

Ll(X) =x 0'7(1-x/i4s~(T'; jX, 1-x) 

2 4 c:{ f 2. 
.Dex) =x 0

•
1(1-x)' 81 (y>3;x,1-x) 

and.D -va-

(B. 5a) 

(B.5b) 

In [6,7] the following expressions are obtained for distri­

bution densities of U and D -valons: 

where 

· er ca+ 1) a. 2 
UHo<)= r(a+ 4)x (1-x) 

r(2-a.)r(2a+2) x1-a(1-x/"+f 
DH(X) = r( a.+ 4) 

(B.6a) 

(B.6b) 

0. = 0.65, r(x) are the Euler's gamma functions. 

Functions U(><) > ]) (X) and UH (X) J ]H(><.} are presented in 

fig.3. 
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at 

Consider the behaviour of the functions CN(WjX) 

CJ - 0 • It is easy to check that 

C0 (W; x)-w L_a2 
Pa()<) 

a <Ja 

C,(O~X) = Pl<(X) 

1 -1-t -1+j3, 
Cz (O;x) = ~ i! .f3"(1- 2.) J ~(xi!)~ (x (1-z»d:. 

0 
I 1 1 
( ( (' -1+.P. -t+p, -1 + p_. 

C3 (0~x)= ) .) ~ .i! 1 "Z.2 J Z 3 • " 

0 0 0 

,,. ~(.x.i!,) ~ .(xi!,J f1 (X23)cSc1-z1-22-z3)d i!,di!edz3 

(B.7a) 

(B.7b) 

(B.7c) 

(B.7d) 

Let us define also the functions Q. )' C0 (w;x · 

z ~00 1 . 

coa(W ;x)= ~ ( dge'f ~ Pct(xi!)e-L~i!di! 
2tiT J J I< 

-coo o:'+ (~•)2' 

><exp (cuf~! ~ [Rtcxz)e-•tz_1] ~i!) 
(B.B) 

Then 
c 

ct z 
C

0 
( 0) x) =~0 Pct (X) and, hence 

eim Co ( "'~X) = L. Co'"( 0 ~ x) 
w-o W ct (B.9) 

Consider now the proton fra@llentation into the hadron h 
I 

having m common with the proton valence quarks and n'' 
I U 

valence quarks that are sea quarks in proton ( rn+n = 2 if 
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h is a meson, and 
I II rn + n 3 if h is a baryon). 

Let us separate in proton a substate containing m
1 va-

" lence quarks, n. sea quarks (anti quarks) of the gi v ~·n type 
t ll ~ t '' ) as well as an arbitrary number n - n. = &:-- ( n a - n.c:i of 

~ 

sea partons belonging to the considered substate with the pro-

bability W • The distribution function of such a substate is 

defined by the expression: m 
ri" (2P )t1-w)i 1 ( )-1•(1-W)t+.~.J 

d Fn' = ~ ( P) y w n" 1- X 
1 

/t. 

rn' '1(Xj)dXj f n" WSa(XaJ)dXaj 
xCtm-m'J(1-W; 1-x)_n J 2 2 • n tn')! n Jx2 + .,,a ' x 

J. t Xj + XT a. I; a. a.j A T 

' m1 na 
x S(x- Lxj - L ,?:x~j) 

j=i a J'"t 

(B.10) 

Note that at m' = 1, n• =- : the expression (B.10) trans-

forms into the expression (b.1) ror a valon. It is assumed, a~ 

in [6,7] , that the formation of the hadron h occurs due 

to recombination of constituent system-valons. The expression 

(B.10), describing the separated multiparton state, may be 

transformed into the expression describing the ( rn' + n" )-

valon state. Assume, for example, that this substate has the 
t I 11 II 

valence composition of the 9i -meson ( m:d 1 n. =net= 1 ). 

Let us integrate the expression (B.10) over the remaining X -
variables , requiring that each sea parton belongs either to 

U -valon or to D -valon with equal probability W /2 and 

sum it over the number of sea partons in each valon from zero 

to infinity. After such an integration and summation we find 

for the two-valon distribution density of the separated mul­

tiparton substate: 
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F -1+(1-wJi•~ .. ~ '!L uI>lX1,Xa)=2(1-x) "<1/<-r+a~ .. 13. -1+:~ , Xa ,,. 

u<l U ( W . ) d: ( W )' /. ) 
/t. C

2
(.1-W;1-x)C1 \Z ,x, C0 T)Xa 'I C3 (1i1 (B.1_ 1) 

where X, and X2 are the momenta of U and ] -valons, 

re spec ti vely, X = >< 1 + X a • Note that at W- 0 

Fu.ii (X1 1 Xa) = 
-1•/frJl, + P, -1-t~ a 1 Ket ud 

= 2(1-.x) " «x
1 

"9ax; (1-xa) 8 2 (.1i1-x) (B.12) 

which coincides with the two-parton distribution density of 

U and ci -quark-partons in a proton. 

Similarly one may obtain arbitrary ( m' -t n." )-val on dis-

tribution densities. 
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p-h 

P- P 

P-n. 
ri-P 
P-/\ 

11-/\ 

Wexp 

- 1 

0.8±0.2 
0.8±0.1 
o. 5.±,0.1 

I 0.1±.0.1 
1.CJ±0.2 
1.2±.0.2 
0.9±.0.J 

I 
I W=O 

2.6 

i 

13.1 
I 

- - 1. 5±.0.4 
P-/\ i 0.9+0.2 

I p -1);.H I O.J5±0.15 
o. 5±0.1 I 

p -/\t520 
+ 

P-£13es 

0.7.±,0.1 I , 

1.0+0.J I 
- ! 

W=1/31 W=2/3 I W=1 

* Table 

I 
rn 

1.4 ; 0.2 ~ 3 

1.9 ~ -0.5 2 

1 
i 

I 

i-------1------1------------1----+----1 
p-gr+ 

n-g;-

J.0.±,0.2 I 
J.2+0.3 II 

- I 
3.39±.0,05 1 
3,43±.0.11 1 
3.5±.0.03 
3-7±.0.5 

' 3.9±.0.3 

I 4.0,t0.2 

1 P-~-
I 

3.00.:t.0.19 
3.10+0.36 
3.59~0.36 El 
2. 56.:t.0.20 

I 2.4 1.2 0 I 

! P-K+ i I 
2.77;t0.10 I 

* Experimental values for exponents b are taken from [10, 12-14]. 
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Table (continuation) 

p-h Wexp w~o W=1/3 W=2/3 W=1 m' 

2.87±.0.19 
3.0±.0.2 

n.-Ko 3.8±.0.9 

P-f 2.8±0-4 
2.9±.0.6 
J.0.±,0.3 
3.1.±,0.4 

p-gj- 3.6±0.5 
3.9±.0.2 
4.0±.0.2 
4-3±.0.2 
4.36±,0.05 

I 4.39±.0.10 
4.53±.0.16 
4.8±,0.6 

n-!IT+ 5.0±,0.2 

~ j5 -g;+ J.56.±,0.43 2.4 1.2 0 1 
3.71±,0.45 
3.72±,0.87 
4.0±,0.1 

P-K 0 3.4±,0.2 . 
3.7±,0.1 
3.9±.0.J 
4.3±.0.4 
4.5±,0.6 

p-j<o J.2±.0.4 
r-- -P-c J.0±,0.5 

4o 1±,0o 5 

P-E~ 2.65±0.7 

p- !<.- 5.75±0.15 
P- 'f 4.Q±,0.1 
p- 15 7.8±.0.J 

27 



~able (continuation) 

p-h. Wexp W=O W=1/3 W=2/3 W= 1 m 

8.0J±0.44 

~ 8.09,;t0.57 2.9 1.7 0.5 0 
8.1±1.4 

P-A J.2±0.7 
J.8±1.0 
7.1±0.4 
7.6,;t2.4 

2( 

I 

.. 

60 (0>; •) 6~ (c.>; .11) s: (c.>; •) 

.. .. 

.. B;• (c.>;x) B, lc.>;•) Bl (r..>;)( ) 

cs ..• 

1. Dependence of functions 
lues of the parameter c.) 

= 1/3 ) 4 -Cl) = 0 . 

., .. 

BN (c..>) X) on X at various va­

; curve 1-w= ~, 2-@=2/3, 3-(A)= 
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' 

XI) (x) 

0.9 

0.7 

0.1 o.3 o.5 0.7 0.9 x 

2. Parton distribution on a proton as dependent on the Feyn-

man variable X • Curve 1 is the valence U -quark, 2 - valence 

cl. -quark (x2), 3 - sea u 1 d -quarks and anti quarks, 4 -

S -quark and antiquark (x10), 5 - gluons ( x 1/3 ). 

2 

0.1 0.3 0.5 0.1 0.9 x 

1. Distribution of U (curve 1) and D (curve 2) valons in a 

proton. Dash-dot line is for the distribution of U and 

D -vulons in a proton from (6,7] • 
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4. Inclusive spectra for fraE911entation processes: a) P- 5i + 

b) P--gr-. Exper-imental data at 100 GeV ( • ) and 175 

GeV (.A ) are take!l from [12]. Solid curve is for calcula­

tions by formulae (10a) and (10b). The dashed and dot-and-

dashed cn"Mres correspond to the first and second summands 

9 
R: d6/dlc (P-91•) 

d6/dx (P-fr") 

3 

O.! O.J 0.5 o.7 0.9 x 

in the expressions (10a) and (10b) (see the text). 

5. Ratio of inclusive spectra of 91 t -mesons in pp -inter­

actions at (100-400) GeV. Experimental 
12] • The points are from [a, 

curve is for calculations by formulae (10a) and 
{ 10b). 
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