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Introduction 

At present, in des cribing the inclusive production of had­

rons with low transverse momenta in hadron-hadron inter ac tions 

within the quark-parton representations, there are widely us e d. 

the recombination-type models (1-51 and fusion models [6-8] • 

In models of the first group it i s assumed that the final had­

ron with a mass M • l ongitudinal momentum ~I"' x rs;2 (where 

rs is total energy in the c .m.s.) and transverse momentum p~ 

is produced as a result of re combination of structural compo­

nents (quarks, gluona or complex quark-gluon syste~~ - va l or.a) 

o! one of the interacting hadrons in its fragmentation region 

( x :> 0 !or a beam partic l e , and X < 0 for a target parti cle 

in the c ,m.s. of int eraction). As t o the fusion models, hei·e it 

is assumed that the final hadron is produced owing to fusi on of 

structural components of both inte r acting hadrons. 

In the present work, following the analysis of the phase 

space o! interacting structural components of i niti a l hudrons, 

we have shown that i n different kinemati c regions over 11ari-

ables tv1 , X and PJ. (where M is a mass of fJ. produced part-

J 



I 
icle) contribution.a from the recombination and fusion mecha­

nisms to inclusive spectra of final particles (mesons, glue­

balls and Drell-Yan lepton pairs) are essentially different. 

The determination of contributions of the recombination and 

fusion mechanisms to inclusive spectra of mesons with lowp~ 0glue­

balls and lepton pairs is highly urgent. Such an investigation 

will allow one to understand what is the contribution of dif­

ferent mechanisms to inclusive spectra of light and heavy me­

son.a and thereby to s ubs tantiate results obtained in Refa(9-12J 

pertaining to structure function.a of a kaon [9,10] , hadronic 

component of photon [11) as well as quark-gluon systems into 

which non.~trange quarks and diquarks transform in the process 

of evolution (12) • Res ults of the analysis can be used to 

estimate contributions of the recombination and fusion mecha­

nisms to the pro cesses of production of glueballa and Drell-Yan 

lepton pairs in hadr onic interactions. 

1. Phase Space i n Recombination and Fusion Models 

At recombination or fusion of a quurk (itnt:iquark or gluon) 

of longitudinal and transverse moment 

=t1 JS/ 2 , with an antiqunl'k (cw 

dinal and t ransve r s e momentu P211 • X 

into a hadron (lepton pair or 

longitudinal and transvurat 

we have ( ~S' is 

X• 

)t 

X1I's/2 • PH= 

uon) of longitu­

Pu = t2 !S/2 • 
M ('t = M"-/s), 

, P.1. = tI's/2 

(1 a ) 

t
2 

= t~ + t~ + 2t, t2 COS'f (1b) 

2t'= J(~~+t:)(X~+t~) i=X1X2-t1tzCOSf (1c) 

- --where a scalar product of vectors "f1 and t 2 is t 1 tz = t 1 t 2 COS'f; 

'j is the angle between vectors t'; and [z that lie in the 

plane normal to the interaction axis. The upper sign in ex­

pressions (1a) and (1c) refers to the recombination kinematics 

(below in the text R•kinematics), the down sign refers to the 

fusion model kinematics (F-kinematica). In expression (1c) 

masses of constituent components (quarks and gluons) are taken 

zero. 

The aolvability condition for equations (1a) and (1c) with 

respect to X 1 and Xz as well as the requirement l cos 'f I ~ 1 

determine an admissible phase space in the plane ( t
1 

t
2 

): 

I t, - ta I ~ t " t, + t 2 (2a) 

t1+t2 ~ Jt2.~ (2b) 

Here, in the incident hadron fragmentation region ( X ;> O and 

hence X1 ~ 0 we have two solution.a R1 and Rz corresponding 

to R-kinematics and one solution F corresponding to F-kinema­

tica: 

X1 
1

:: [x(t~ + t,t2+ 2t') + .f15'] (t2 + 4t') R -- I 
(Ja ) 

X~1 : [x ( t~ + t,tz + 21:)- rn.v(t 2 + 4t) 
(Jb) 

5 



~ 
x~2 = [x(t~-t-t1 t2+2t)-JD]/(t2 +4t') (4a) 

R [ 2 -- I X2
2= X(t2t-t1t2+27:)+.JD) (t2+4t") _ (4b) 

F [ ·2 -- I R X1 = x(t, +t1t 2 +2-r:')+JJJJ1Ct2 +47:)= X1' (5a) 

F [ 2 -- J/ 2 R X2 = -x(t2+t1t2+2t:)+JD (t +47:)=-x2
1 (5b) 

where J) = ( Jt2 + 4t + t, + t 2)(Jt2+4t'
0 

-t1 -t2) • 

11( Jt2+4t:
1 

+ /t,-t21) ( Jtz +4i - I t 1-t2 l)(x2+t2 + 4-c-)/ 4 . 

J I ,.-z-:2' R1 In the region t 2 ~x2 -t-t2+4t' -..ix·+t1 we have Xz <!>- 0 
F ( Xi .( 0 ) , hence a particle of mass M is produced by R1 

kinematics, whereas at t2' J X.2 + t'' + 4T:
1 

- J X2 + t~ ' we have 
F R1 

X2 ~ 0 ( X2 ' 0 ) , so a particle o! mass M is prod-:.iced 

by fusion of a quark and antiquark (or two gluons) from differ­

ent hadrons. Kinematic region for solution R2 is determined 

byoondit1on X~2 ~0 or t~~t2 +t.2 +4t"-2t,Jx2 +t2 +4t'
1 

Admissible kinematic regions for R1 , R2 and F -kinematics 

are shown in Fig.1. 
. R 

The conditions X 1 
1 

' 1 
R2 

, X2 ~ 1 

t'+t'l'4' (f-X) 

I. 

F 
and X1 < f hold at 

(6) 

In hadron-hadron interactions the mass of a produced part­

icle (meson, glue ball or invariant mass of a lepton pair) M 

with longitudinal and transverse momenta X and t is coupled 

with the quantity W
2 
=(I:. Ph)2 (where sum is taken over all 

h 

four-momenta of the final state particles except for the one 

of interest) by the relation: 

't' = 1 + W2/S - J X 2 + t 2 + 4W2jS · (7) 

It follows from this relation that M2 takes a maximum value 

5(1-Jxz+ tz') at w2
e::O , whereas at w~s=(f-/x 2 +t 2 ')we 

have M
2
"'-0 • Thus M

2
" S(1-Jx 2 + t 2 ,) • Thie condition is 

2 r:----:-.) stronger than condition (6), and hence at M ( 5(1- v x 2 + t 2 
R1 Rz F 

we have X1 ~ 1 , X2 ' 1 and X1 ' 1 • Phase space of a final 

particle of mass M , longitudinal and transverse momenta X 

and t , respectively, is determined by conditions (see Fig.2): 

Xi+ t 2 ~ (1--c-)2 

O~t'~1 

2. Spectra of Mesons, Glueballe and Drell-Yan Lepton 

Pairs in pp-Interactions 

(Sa) 

(Sb) 

Differential cross section of a produced meson (glueball or 

lepton pair) of mass M in pp-interactions is determined by 
the expression: 

d6 2 3 - 3-cr == G;,{M )F(x1,Xa)T(P1.i)T(Pu)d P,d P2 

where F(X1,X2) is distribution of a quark and antiquark (or 

7 
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two glUOD9) in the incident proton in case o! R-kinematics, 

and F(x1,>Ci) c q,(X1) ~e (X 2) , where q1 (X 1)(~2 (xz» is distribu-

tion of quart (antiquark) in the first (second) proton ( or 

F(X11Xz)=G(Xt) G(Xz) where G(X) is distribution o! gluons in 

the proton). T ( PJ.) is distribution of a quark (antiquark or 

gluon) in the proton over trarasverse momentum P~ • Below, for 

this di•tribution we'll use the unity-normalized 

~T(P.a.)d2 ~ = 1 ) expression: 

1 P.2 
T<P.a.) = --- exp (- .... ) (10) 

2 PJ.2 P...Z 

or 

2 ~ t
2

) T(t) = --- exp --=-s -1;2 t2 
( 11) 

where tz = 4 ~2 / S , tp;_.2 :::::: o. 3 GeV is average transverse 

momentum o! quarks (gluons) in hadrons. The phase space of a 
3- 3-

quark and antiquark (or two gluons) d P,d Pa= 2'.1rt1tz" 

JCdx 1dxidt,dt2d':f where P; and P2 ai·e three-dimensional 

~omenta of a quark and antiquark (or two gluons) which reoom­

~ine or fuse into a final particle. 

In expression (9) a'0 (MZ) is the elementary process cross 

section which in the case o! meson or glueball production is 

determined by a usual Breit-Wigner !ormula (provided that the 

w1.dth r « MR where MR is a mass of meson resonance or 

glue ball) (13] : 

ror ~ 
G;,<Mz):: Srt(2J+ 1) (Ma_M~)z + rz M~ ~ ( 12) 

8 

jl 

2 ro 6 2. t 
~ B:n (2J+1) MR (M - MR), 

where J is a meson or glueball spin, ro is decay width over 

channel M- ~1 ~2. (or, in the glue ball case, G - ~9 ) . For the 

process of Drell-Yan lepton pair production we have 

<io ( M2
) = 43Id.19 M 2 

( 1 J) 

where ol is fine-structure constant. 

The N-multiple dif!erential cross section over variables 

cj:: lj (x. ,X2, t, I ta' If) where j .. 1 • 2 •••• ,N is determined by 

the expression [14] : 

. dN6 = 2:rrrcr.,(M 2)F(x,,Xt)TCt1)T<t2) x 
~1 • •• d~N ~ 

N 

x .n 0 (r.j- ~j(X11Xz,t1 1 t2 1 ':f»t 1t2dX,d.X2dt1dtct d·'.f 
J=1 

( 14) 

Following this expression, !or inclusive spectra of a me­

son (glueball or lepton pair) we find: 

d 
3
cr = Z!iICTo (M2} F (X1,Xa)T(t1)T(t2)0(M2- M2 (.x1,X2 1 t,, t2,':f»" 

dW·dxdt2 ~ 

.11 o (x-x (X 11X2))0 (t2
- t 2(t, 1t2 ,':f »t1t2dX1 dxe dt1dt2d':f = .( 15a) 

2 r 2 2 ) =2$ia;;(M )~F(X1,X2)T(t,)T(ta)J(M,x,t,t,,t2 t1t2dt1dt, . 

d 2cr 
dM2 dX ::: 2'JiCfo ( M

2
) ~ 

(15b) 

x J F(x, 1xa) T(t1) T(t2) J(M~X 1 t 2
, t 1 ,tz) t 1 t 2 dt1 dtz dt 2 

9 



I 
dcr' --= 2n<r. (M 2

) x dM2 o 

(15c) 

x ~F (X1,Xi )T(t1)T(tz)J(M
2
1x1t 2

, t, ,t2)t, t 2 dt, dt2 dt
2
dx 

where J (M~X1 t 2
, t 11 tz) is a ;Jacobian of transition from vari-

2 z 
ables X1 ,Xt 1 'f to M 1 X 1 t . ~he regions . of integration over 

variables t 1 and t 2 for various kinematics, 1as well as over 

variables t 2 and X are shown in Figs 1 and 2. 

On the basis of expression.a (3)-(5), for R1 , Rz and · 

F- kinematics we have: 

JR1 (M
2,x, t~ t 1, tz) == ( 2C/s(t2 

+ 4tf) " 

"j x(t~ -t!) + 2 JD - (fl+ B/.A)(t
2 

+ 4 'C)j 

JRa(M~x,t2,t 1 ,t2) = (2C/5(ta+4t/)" 

x / x(t~ -t~)-2JD +(.A+ B/A)(t2
+ 4r:-Jj 

JF CM!x,t2
, t1, tz) = (2C/s( t 2 + 4 t/)" 

)I x ( t, - t 2. + t 1 2 + 2 x B ( .3 t I + t 2) + I 4 4 8 2t2) z 2. 

+ 4fl x 2 ( t~ + 8) - 2 JD ( t~ ~ t~) -

-(.A+ 8/.R)(~z+4'C)z./ 

10 

(16a) 

( 16b) 

(16c) 

wherein the following notations are i ntroduced: 

fl= .fiJ / (xz + t 2 + 4t) (17a) 

..... - 2 2. 2 
8:: 2't'+ t,t2 = t +4'l:-t1 -tz. 

( 17b) 

c=/a':!' /-at2 -
1/2t, tz 

J1-(t 2 -t~-t~) 2/4t:t: ' (17c. 

For diatri bution of partona in a proton over variabl• X
1 

and 

X2 we used the parametrization from Refs [15, 16] within wldoh 
we have: 

o.s .3,5 i'I 
xu(x)= 17.4x (1-x) exp(-2.3(1-x); (18a) 

Xd(x) = B.7X
0

.s(1-x)4'
5 exp(-2.1(1-x>) ( 18b) 

x Sa (x)= 7. 5~q ( 1-x)5
' exp ( - 2.(1-xV ( 18c) 

XG(x)= is9<7<1-x/exp(-2.(1-x)) (18d \ 

and for two-parton distributions, on the basis o! a modified -, 

Kuti-Weisskopf parametrization (15, 16] we have: · 

F o.5 ( ,,3.5 ( i\ X1Xt uaCX1>X2)=17.49qx, (1-Xz) 1-x/ exp -2.3(1-X); (19a) 

o.5 3,S \) x,xz Fd.a (x, ,X2) = 8.7caQ.x, ( 1-x,)(1-xz)(t-x) -- exp (-2.1 ( H0
1 (19b) 

11 



I 
.x,x, F'ai (X1,X2) = 7.5 ~a ~i (1-X1)( f-X 2)(1-x)4exp (-2. (f-x)) (19c) 

x,x,F
11

(x1 ,X2) =7.5 9~ ( 1- x.)3(1-X2)3( 1- x)
4 

exp(-2. ( 1-)t.)) (19d) 

In expre••ions (18) X =X1 or X:: X2 , and in (19) X =X1 + Xz. 

Sa. 0<) are distributions of sea quarks (antiquarks) of genus 

a. .. u,u,d,d, s,5 - ~u =~Li= ~d= 9a = 0.12 , ~s = ~s = 0.015 

9G: ! 
Re•ul ta of :Monte Carlo simulations based on expressions 

(15) are presented in Figs J-6. The results show that in the 

kinematic regi.6n M ~ 1.5 GeV and X ?> 0.2 particles are 

produced largely via the recombination mechanism of quarks 

(gluons), whereas in the central region of interaction, 

\ X \ ' 0.1 , and at production of large masses; M ~ 2 GeV, 

the fUAtion of quarks (gl uons) from two interacting hadrons is 

the major mechanism of particle production. Note, that the 

conclusion about the dominant contribution to the central re­

gion I)( I .( 0.1 from the fusion mechanism decides the problem 

of continuous transition of inclusive spectra through the cen­

tral region of interaction (continuous transition from the 

fragmentation region of the incident hadron to the fragmenta­

tion region of the target) which apparently does not take place 

for the recombination mechanism of hadron production in the 

case of interaction of different initial hadrons ( ~p - and 

Kp -interactions, see Ref. [17] ). 

The conclusion about the dominant contribution of the re-

12 

l 

combination mechanism to the spectra of hadrons of mass 

M ~ 1.5 GeV in the fragmentation regions of interactiDg 

particles Ix!~ 0.2 is the basis for earlier obtained results on 

structure functions of a kaon [9] , hadronic component of a 

photon (11] , fragmentation functions of nonstrange quarks and 

diquarka (12] , as well as for results concerning production 

probabilities for various s- and F-wave meson multiplets (10]. 

All these results have been obtained on the assumption that 

hadrons (glueballs) of a mass less than or of the order of 

1.5 GeV in fragmentation regions of various quark-gluon systems 

(p;oton, 91 -, K-mesons and hadronic component of a photon 

after soft interaction with matter as well as systems formed 

owing to quark and diquark evolution) are produced via the re­

combination of quarks (gluons) of the fragmentized quark-gluon 

system. 

13 
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Figure Captions 

Fig.1. Phase space in plane ( t, ta ) for R1 • F (a) and 

Rz(b) kinematics. 

Fig. 2. Phase space over X , t , t' variables. 

Fig,3. Inclusive spectrum f(X 1 M) = (M'lCTo(M2.))d.2C"/dx dMz 

!iii-CO.- M =0.14GeV), ~+( 8- M =0.77GeV) 
1-

and .Aa ( C- M .. 1 .32 GeV) mesons in the fragmentation 

region of the proton in pp-interactions at Ep .. 400 GeV. 

Curve 1 - the recombination mechanism contribution. 

2 - the fusion model contribution, 3 - total spectrum. 

Fig.4. Inclusive spectrum f (X1 M) of lepton pairs with 

M = O. 77 GeV (a), M .. 1.02 GeV (b) and M • 3.1 GeV(c) 

in pp-interactions at Ep a400 GeV. Curve 1 - the re­

combination mechanism contribution, 2 - the fusion 

model contribution, 3 - total spectrum. 

Fig.5. Inclusive spectrum f(X 1 M) of glueballs with 

M = 1 GeV (a), M = 2 GeV (b) and M = 3 GeV (c) 

in pp-interactions at Ep = 400 GeV. Curve 1 - the 

recombination mechanism contribution, 2 - the fusion 

model contribution, 3 - total spectrum. 

Fig.6. The cross section f (M) = (M2/CT0 (Mi)) dO-/dM 2 

of produced mesons (a), lepton pairs (b) and 

glueballs (c) as a function of mass M in 

pp-interactions at Ep . 400 GeV. 
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