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1 Introduction 

One of the most important problem in' the modern high energy physics is a search for 
general properties of quark and gluon interactions in hadron-hadron, hadron-nucleus· and 
nucleus-nucleus collisions .. Universal approach to description of the processes allows us 
detail understanding of the physical phenomena underlying the secondary particle produc­
tion. Numerous experimental data obtained from pp;pA and AA interactions show that 
the general tendencies can be manifested mostly in the high energy region. They reflect 
specific characteristics of the elementary constituent interactions. This is' especially actual 
with connection of the commissions of the large accelerators of hadrons and nuclei as RHIC 
at Brookhaven or LHC at CERN. The main physical goal ~f the investigations on these 
colliders is to search for quark-gluon pla.Sma - the hot and superdense phase of the nuclear 
matter. Therefore it is extremely important to find the main features of pp inte~action in 
order to extract nuclear effects and to study influence of nuclear matter in pA and AA. 
interactions. 

Up to date, the investigation of hadron properties in the high energy collisions has 
revealed widely known scaling laws. From the most popular and famous let us mention the 
Bjorken scaling observed in deep inelastic scattering (DIS) [1), y-scaling valid in DIS on 
nuclei [2), limiting fragmentation established for nuclei fragmentation [3), scaling behaviour 
of the cumulative particle production [4, 5, 6), KNOscaling [7) and others . 

The common feature of the mentioned processes indicates the local character of the 
interactions which leads to the conclusion about dimensionless constituents taking'part 
in the interactions. However, detailed experimental study of the established scaling laws 
has shown certain violations of these. This can be connected with the dynamics concerning · 
the transition from the perturbative QCD quarks and gluons to the observed hadrons . 

. The fact that the interaction is local naturally leads to the co~clusion of the scale­
in variance of the hadron interactions cross sections. The invariance is a special case of the 
automodelity principle which is. an expression of self-similarity [4, 8): This principle reflects 
the dropping of certain dimensional quantities or parameters out of the physical picture of 
the interactions. · 

In the paper inclusive particle production in ppfpp collisions at high energies is con­
sidered. Based on automodelity principle the scaling function H(z) expressed via cross 
section is constructed. The properties of the H(z) function are described; It is shown that 
the available experimental data confirm the scaling behaviour of H(z). Monte Carlo code 
HIJING [9, 10) is used to simulate events in pp-collisions and to ~alculate the ip.clusive 
cross section at different energies .jS and angles 0 of the secondary particles in order to 
predict H(z) for the corresponding processes. 

2 Scaling function H(z) and its general properties 

We start with the inve~tigation of the inclusive process 

Mt·+ M2 -4 m1 +X, (1) 

_where M 1 and M 2 are masses of the colliding nuclei (or hadrons) and mt is the mass of 
inclusive particle. In accordance with Stavinsky's ideas [5] the gross features of the inclusive 
particle distributions for the reaction (1) at high energies can be described in terms of the 
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corresponding kinematical characteristics of the exclusive subprocess -

(xtMI) + (x2M2) --> m1 + (xtMt + x2M2 + m2). (2) 

The parameter m2 is a minimal mass introduced in connection with internal conservation 
laws (for isospin, baryon number and strangeness). The x1 and x 2 are the scale-invariant 
fractions of the incoming 4-momenta P1 and P2 of the colliding objects. The centre-of-mass 
energy of the subprocess (2) is defined as . 

s!12 = j(xtPt + x2P2)2 (3) 

and represents the energy of the colliding constituents necessary for the production of the 
inclusive particle. In accordance with the space-time picture of hadron interactions at the 
parton level the cross section for th~ production of the inclusive p~rticle is governed by the 
minimal energy of c'!lliding partons 

a-~ 1/smin(x~,x2)· (4) 

The fractions x1 and x 2 which correspond to the minimal value of (2) we find under the 
additional constraint 

8liq(x~, x2) = 
0 8 - ' .. Xt 

where liq(xl! x2) is given by the equation 

Oliq(Xt,X2) =0, 
8x2 

(5) 

(x1P1 + x2P2- q)2 = (x1M1 + x2M2 + m2)2 + liq(x~, x2) _ (6) 

and q is the 4-momentum of the secondary particle with the mass m1. So, we determine 
the fractions x1 and x2 in the way to minimize the value of liq, simultaneo11sly fulfilling the 
symmetry requirement of the problem, i.e. A1x1 = A2x 2 for the inclusive particle detected 
at 90° in.the corresponding NN centre-of-mass system. This gives ' 

Xt = Xt = (P2q) + M2m2 , x
2 
= x2 = (Ptq) + M1m2 . (7) 

,: At (hP2)- M1M2 A2 (P1P2)- M1M2 

Here At and A2 are mass numbers and Xt and x2 are the fractions of the colliding nuclei 
expressed in units of the nucleon mass. Note, that x1 and x2 are therefore less than 1 for all 
values of q. The minimal value of liq corresponds to the subprocess (2) with the minimal 
released energy to the away side direction. 

In the rest of the paper we will confine our considerations to the inclusive particle 
production in the p(p) + p -. h + X processes. In accordance with the automodelity 
principle we search for the solution 

do- ' ( ) 
dz = tjJ(z), 8 

where t/J(z) has to be a scaling function and choose the variable z as a physically meaningful 
variable which could reflect the self-similarity (scale-invariance) as a general pattern of the 
hadron production. 

The invariant differential cross section for the production of the inclusive particle mt de­
pends on two variables, say q.L.and q11 , through z = z(x1(q.L, qn), x 2(q.L, qn)) in the following 
way: 
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u = _ __!__ (d.,P(z) !!!_!!!_ + t/J(z)~). 

dq3 s1r dz ox1 8x2 8x18x2 (9) 

This can be easy shown by partially differentiating using the approximation to the Jacobian 

of the transformation (7) which at high energies tends to the value -2q.L/(sE). 
In the first step we use the simple choice 

81/2 
Z = X Q-t Vx1X2..fi 

Q (10) 

with Q as a scale which in a first approximation doesn't depend on x
1 

and x
2

• The the 
expression (9) at asymptotically high energies reads: 

d3u - ( sl/2) 
Q2E dq3(q.L,qll) ~4H .Q ' (11) 

where the scaling function H(z) is determined by 

H(z) = --1 (d!/•(::) + 1/>(z)). (12) 
l61r dz ;; 

Now, we introduce a new dynamical scaling hypothesis for the inclusive particle production 
in ppfpp interactions at high energies [I 1). We determine the scale Q to be proportional to 
the dynamical quantity- average multiplicity density dN(9)/d7J - producrd in the central 
region of the collision at a given energy. We postulate 

1/2 s. 
:: = liM· dN(O)fd1J' (1:3) 

where the coefficient liM has the dimension of energy and we determine it as ·.the reaction · 
energy of the inclusive reaction' or, in other words, as the kinetic energy. transmitted 
from the initial channel to the final channel ofthe subprocess (2). From the total energy 
conservation we have 

liM= 2M- mt- (:rtM+ x2M + m2} = TJ- (T;- En)= TJ- Tt; (14) 

where T;, TJ and ER are the _initial kinetic energy, the kinetic energy in tl;e final stclte 
of the subprocess (3) and the energy. consumed on creation of the associat1, multiplicity, 
respectively. Inserting (13) into (9) we obtain the expression 

· d
3
u 1 (d1/•(z) !/>(::) ) 

E dq3 = 167r(dN(O)/d1J)2NJ2 ~ht(x~,~2) + -;-h2(.rJ-.r2) , (15) 

where the functions ht and h2 are proportional to the partial derivatives in (9). 
For the high energy region (..fi > 30 GeV) we get the expressions (with 2% accuracy 

according to the exact calculations} for h1 and h2 ' 

)
2' 02 _ (x 1 -: x2 

ht = 4 ( {j _ x
1 

- x2 )1 
· P- (x1 - x2}2 + ·Lr1x2 . h., =4 ' -

· · ·. (8- x 1 - .r2 ) 4 (16) 

with {i = 2- (m 1 + m2)JIJ-
1

• The exact expression~ for these functions are giwu in 
Appendix. We would like to note that ht ~ h2 for ..jS > 30 GeV. .. . 
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Therefore, according to (15), (16) and (12), ':'l'e obtain the approximate relation 

H(z) = (8- Xt- x2)
4M 2(dN(O)/d"1)

2
. EJ:1u 

. 4(82 -(xi-x2)2) dq3 
(17) 

the high energy region. This relation connects the inclusive differe,ntial cross section and 
dencity dN(O)/d"l with the scaling function H(z): 

The properties of the scaling functions t/J(z) and H(z) under scale transformations of 
their argument z can be written in the following forms: 

z 
z ..... -

a 

1 z 
lf;{ z) ..... - . t/J(-) 

a a 

( 18) 

(1g) 

1 z 
H(z)--> 2 · H(-). (20) 

a a 

These scaling properties are valid also in the general case (15). 
We would like to present some qualitative picture, the substantional elements of which 

are the basic characteristics of the underlying parton subprocess '(2) in terms of the scaling 
proposed. As we have mentioned above the cross section of hadron interactions at the 
parton level to produce the inclusive particle is governed by the minimal energy o{ colliding 
partons u,...., l/smin(x1 ,x2 ). The invariant cross section (15) is also proportional to proton 
structure functions fp(x 1 ),f'j,(x2 ) and fragmentation function Dh(z) 

· cPu 1 q ( ) q ( ) h ) E-d 3"' ( ) ·fp Xtmin ·fp X2min ·D (z. 
q Smin Xt, X2 

(21) 

Here Xtmin,X2min satisfy the.condition min.s(xt,x2) = Smin(Xt,X2)· We assume that the 
fragmentation function Dh depends on the relative formation length z / Zmax of the produced 
particle m1 and is independent of Xt and x2. 

Really, the variable z can be interpreted in terms of parton~parton collision with the 
subsequent formation of a string stretched by the leading quark out of which the inclusive 
particle is formed. The minimal energy of the colliding constituents s!f;~ is just the energy 
of the string which connects the two objects in the final state of the subprocess (2). The 
off-shell behaviour of the subprocess corresponds to a scenario in which the string has 
the maximal possible space-like virtuality. The string, evolves further, splits into pieces 
decreasing so its virtuality. The resultant number of the string pieces is proportional to 
number/density of the final hadrons measured in experiment. Therefore, we interpret the 
ratio 

,fih := ..jS;/(dN(O)/d"l) (22) 

as a quantity proportional to the energy of a string piece ylsh which doesn't split already 
but during the hadronization converts into the observed hadron. The process of string 
splitting is self-similar in the sense that the leading piece of a string forgets the string 
history and its hadronization does not depend on the number and behaviour of other 
pieces. The factor D.M in the definition of z is proportional to the kinetic energy of the . 
two objects in the final state of the subprocess (2) and it can be considered therefore as 
something which reflects the tension of the· string. We write therefore 
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,fih = D.M . >., (23) 

where >. can be considered as the length of the elementary string peace or more precisely 
the ratio of the length to its ch~racteristic (e.g. average or maximal) value./ ' 

The dimensioml.l properties of the scaling function H(z) confir~ mentioned above. One 
can see from the equation (11) th.it they depend on the dimension ofits argument. If 
we require the argument z to be dimensionless, then H(z) has the,dimension of[fm2

]. 

For dimensionless scaling function H(z) we find the argument z to.have the dimimsion.of 
[fm1]. From the transformation p~operties (18), (20) and from (21) it follo,;.,s th~n 

H(z),...., Dh(z). (24) 

So, we interpret the variable z as a quantity proportional to the length of the elemen­
tary string, or to the formation length, on which the inclusive hadron is formed:from its 
QCD ancestor. In this picture we interpret the variable z as a hadronization parameter, 
namely as hadronization length. The scaling function H(z) reflects local_ properties ()f the., 
hadronization process. 

3 Z-scaling in pp / pp-collisions 

Figure 1 sho,;.,s the scalingJunction'J[(z) as afundi~nof the va~iable z foi charged 
hadrons emitted at 0 =goo ems. in ppfpp collision~ 6ver a wid~ energyrange [11]. Data on 
inclusive differential cross sections are taken from (12, 13]. Similar dependencies of H(z) for 
7!'--meson production at ..jS = 45,53 GeV and 0 = 2.86°- goo ems. are shown in Figure 2. 
The function H ( z) and the variable z are expressed via the multiplicity density dN / d"l at 
TJ = 0. It was found strong sensitivity of the scaling behaviour on the energy dependence 
of dN(O)/d"l. The values of the multiplicity densities of charged particles produced in 
the central (pseudo)rapidity,region in ppfpp collisions are shown as a function of the ems. 
energy ..jS in Figure 3. The full line represents the fit dN(O)jd11 = 0.74s0

·
105 to tlie inelastic 

data taken from [15]. The non single-diffractive (NSD) data and the parameterization 
dN(O)/dl] = 0.023ln2(s)- 0.25ln(s) +2.5 are from [16]. The values.~£ dN(O)/dTJ resulting 
from the requirement. of the z-scaling are shown with crosses. · . 

To study in detail the ·propertids of the scaling proposed, .we have usedHIJING Monte 
Carlo model [g, 10]. It was shown in (10] that this model provides a comprehensive expla­
nation of a broad spectri.tm·of data on ppfpp-collisions in the energy range of ..jS = 5 -
2000 GeV. We applied HIJING code to simulate pp collisions at ..jS = 53,·200 and 1800 GeV 
and to study systematically the features of the scaling fun~tion. In our 'analysis we have 
been oriented on the particles which can be experimentally observed. Following the argu­
ments froin the previous section, \ve have chosen the density of the secondary hadrons for 
dN(O)/d"l at ·a given energy. The values of m 1 arid m2 appearing in (2) are summarized 
in Table 1. The procedure of obtaining m 1 and m2 is described in [5] and for the case of 
chargedhadrons it is motivated by considerations from [11]. The results of the simulations 
are shown in Figures 4 tog_ ' . . 

The dependence of H ( z) on z for charged hadrons detected at · (} = goo in ems. :for 
three different energies is shown in Figure 4a. The angular dependence of the scaling 
function is presented in Figure 4b. Figure 4c represents the comparison of the Monte 
Carlo calculations with the experimental data obtained at 0 = 90°. 
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Figure 1. Scaling function H(z) for charged particle production. Experimental data on 
inclusive differential cross sectionfor charged hadrons in ppfpp interactions at () = 90° 

and ..jS = 23- 1800 GeV are taken from [12, 13]. 
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The situation in the case of the charged pion inclusive production is _ploted in Figures 
5 and 6. As can be seen from Figures Sa and 6a, the proposed scaling for pions sets on at 
value of z.~ 0.2. This roughly corresponds to the secondary pion momenta q ~ 0.4 GeV lc 
in the energy range considered. It 'should be noted that there is practically no difference 
between 7r+- and 7r--meson scaling properties. 

Figures 7 and 8 show the corresponding distributions for /{±-mesons. 'For both types 
of the secondary· strange mesons the scaling function H ( z) does not depend on energy. y8 
and angle 0. 

Table 1. The values of mass parameters m 1 a~d m 2 used in the analysis of the scaling 
function H(z) 

produced mt m2 

particle (GeV) (GeV) 
7!"+ m,. 11ln- mp 

7r - m" m" 
]{+ ffiK mA -mK 

]{- mK ffiK 

'Y 0 0 

I 
h± 0.31 0.31 

----

Figure 9 demonstrates the properties of H(z) for 1's. Because the 1's are, mainly, 
products of 1r0-meson decays this distribution reflects the properties of the 1r

0-mesons 

scaling function. 
Atialyzing the angular dependence of the scaling function, presented in Figures 4b, 5b, 

6b, 7b, 8b and 9b, one can see the excellent agreement in different kinematical regions, 
i.e., the scaling function H(z) does not depend on the emission angle of the seconda.ry 
particle. The ratios of characteristic (average) formation lengths ahf,.+ = ;;hI z"+ for various 
secondary particles are given in Table 2. One can see that ahf,.+ depends on sort and the 
mass of the produced hadron h. . ; 

;Table 2. Relative formation lengths of hadrons produced in pplfip-collisions at 
y8 >53 GeV and q > 0.4 GeV lc 

ah7" 

relative formation lenght 

The obtained results on the ratios among characteristic formation lengths of the different 
hadrons ( h = 7r±,o, ]{±, h±) demonstrate z-scaling in a similar way for the fragmentation 
functions Dh(z) as for. the scaling function H(z). Taking into account the symmetry 
properties_ofH(z) and {24), we connect.the fragmentation functions Dh(z) for different 
hadrons ht and h2 by the relation 

Dh, ( z) = 1 . Dh2 ( z ) 
(ah2/h, )2 ah2/h, ' 

(25) 

12 

and to conclude that the general property of the hadronization process is an universality 
of the fragmentation f~~:nction. · · 

4 Results and discussion 

Finally, we would like to discuss the qualitative picture resulting from the proposed 
scheme for various types of secondary particles. The different values or' the factors· ahf":, 
h = 7r-, f<±, h± repres~nt the_ relative ratios of characteristic' (e.g; average or maximal) 
formation lengths for various hadrons. The value of the variable z depends also on the factor 
t:.M, which we interpret as a quantity proportional to the tension_of the formated string;. 
Let us look nearer to this aspect of our construction. We consider two kinematical regions: 
one characterized with high transverse momenta q1. which at· high energies correspond 
to low Xt,2 < 0.1 and another with extremely high longitudinal momenta qlf which gives 
x 1(x2) --> 1, and x 1 + x2 ~ 1. The first region is the central region o(secondary particle 
production and the sec~nd one is the fragmentation region of one of the incoming particle. 
The dependence of x 1 and x2 on the secondary particle momentum q is illustrated in Figure 
10. Figure lOb shows the clear difference between x 1 and x2 in the fragmentation region 

of the incoming particle Mt. 
The string tension in the central regio-n is higher than in the fragmentation one.' It 

corresponds to our ideas about the hadronization process in which the produced bare quark 
dresses itself dragging out som.e matter (sea qij pairs,.gluons) from the vacuum forming so 
a string. The string connects the leading quark of the hadron mt- with the virtual object 
with th~ effective mass (xtMt + x2M2 + m2). The momentum of this object compensates 
the high momentum of the inclusive particle m 1• The quark dressing in the central region' 
is more intensive than that in the fragmentation region. In our opinion it can be connected 
with the substantially lower relative velocities of the leading quark to the vacuum in the 
central region than· those in the fragmentation one. For the slowly moving quark it is more 
easy to obtain an additional mass. Such a quark is strongly decelerated with the string 
which has the high tension. Consequently, the hadron generated from this quark is formed 
on smaller formation length. · '· · 

We· study the regime of local parton interactions of incident hadrons at high energies 
y8 and for the secondary particle mox'uenta q > 0.4 GeV I c. In this regime the quark 
distribution functions of the incoming hadrons are separated arid therefore the scaling 
function H(z) describes directly u~iversality of th~ fragmentation process o(secondary 
partons into the observable hadrons. The universal behaviour of H(z) for different hadrons, 
taking into account the symmetry properties of the function under the transformation 

z --> z I a, supports the obtained results. 

5 Conclusions 
The inclusive particle (1r±, K±, h±, -y)production in PPIPP collisions is considered. Based 

on automodelity principle the new scaling, z-scaling, is predicted. It was shown that the 
H(z) scaling function is expressed via two observables- the invariant inclusive cross sec­
tion EcPu I dq3 and the multiplicity density dN I dTJ of particle production at pseudo~apidity 
17 = 0 without any free parameters. We conclude therefore that the predicted z-scaling is 
model independent and reflects. the general properties of PPI pp interaction. The available 
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experimental data and results of Monte Carlo simulation for pp-collisio~s over a wide en­
ergy region yiS and angle () of the secondary particles confirm the universal dependence of 
the H(z) function on the variable z. The H(z) is independent of yiS and ()in the central 
region of particle production. The function H(z) can be connected with the fragmenta­
tion function Dh(z) and it is shown that the both have the same z-symmetry properties. 
Th.e experimental verification of the z-scaling in ppfpp collisions at Tevatron(Fermilab ), 
RHIC(BNL) and LHC(CERN) allows todeterminegeneral features of hadron-hadron inter­
acti~n on the parton level and establish the possible mechanism of hadronization (17]. The 
scaling proposed can be an excellent "instrumen~" in searching.for new phenomena not only 
in hadron-hadron but in hadron-nucleus, nucleus-nucleus and semi-inclusive deep-inelastic 
lepton-nucleus interactions. 
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Appendix 

In the appendix we present the results of calculation of the functions h
1 

and h
2

• Starting 
from the approximate expression (9) for the invariant cross section Ed3u / dq3 we define the 
functions h1 and h2 in the following way 

)
2( . 2 1 az az h1 (x~, x 2 ) = 4(dN(O)/dTJ Mt + M2) s- -a -a 

· X] X2 (A1) 

h2(x~,x2) = 4(dN(O)fdTJ) 2(M1 + M 2)2s-1za a
2
az . 

, X] X 2 
The equation> (9)- we rewrite into the form 

(A2) 

Ed3u =- . 1 (d?/J(z) 1/J(z) 
dq

3 
.. 4Jr(M1 + M 2 )2. (dN(O)/drJ)2 · dz · h1(x~,x2) + -z- · h2(x~,·x2)). (A3) 

If the scaling variable z is determined by 

z = yS;j(f).M · dN(O)/dTJ), f).M = M 1 + M 2 - m 1 - m2- x1M1 - x2M2, (A4) 

the direct calculation of h1 and h2 for M 1 = A/2 = Af gives the result . . 

h1 = {sx1x2W- (x1 - x2)
2
] + 2M2 (x 1 - x2)2(h'(h'- Xt - x2) + 4xtx2] . . -· 

;4M
4
s-

1
(x1 - x 2 )

2[h'(h'- 2x1 - 2x2) + 4xtx2]} · F-l (A5) 
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h2 = {sx1x2(h'2 - (xi- x2)2 + 4x;:z:2] + 2M2{(h'--: XI ...c x2)((xi+ x~)(xl + x2)- 2~1x2h'] 

+8x1x2(xl- x2)2} + 8M4s-1(x1 :.._ x 2)4} · F-1
, (A6) 

where F = [x1x2s+(xl -x2)2 M 2](h' -x1-x2)4 /4 and .5' = 2- (mi +m2)/M, s =·(PI+ P2)2. 
In the case of different masses of the incoming objects A/1 # M2 these expresions become 
too clumsy and we present them therefore in ~n approximative form here. Thi~· can be 
obtained writting for:: the expression (A4) with ..;s; ~ .jx1x2s. Consequently. we get the 
relations ' 

/).
2

- x~lf + 4x1:r2M1Mz/(M1 +M2)2 
hl = --....::.L"-----,-,,------:-7--'----"--

.· (f).-XeJJ) 4 

/).
2

- x;11 +sx1x21lflM2/(M1 + M2)2 

h2=~~....::.!.."-----,-,,------,-7-"---"--
(f).-xeJJ)4 

where/).= 1 -(m1 + m2)/(M1 + M2) and Xeff = (x1M1 + x2M2)/(M1 + M2). 
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. 36opoBCKH l•t ·u .n.p. 
Z-cKeH.rtnHr B anpoil-anpoHHbiX BJanMo.n.eiicrsusu 

. . . . / . 

npu .BbiCOKUX ::mepruSIX_' .·. . 

. Dpe.D.CKaJbJBaeTCSI HOBbiH CKeRrtUHf, Z-CKeHJ 
.· . . . ·. . + + ' 

qac-rnu (JapH:lKeHHbJe anpoHbl, 1t:-, K:-, y) _B pp 

¢YHKU.nH H (z) 'llblp~~ei_cH qepeJ nH8apua~THo 
ttncna qacruu dNidrt npu f\ .= 0. Ylccne.n.yercH J: 
Z::: --JS"/ (11M · dN/dr\ (0)), 3Hepru'~ B CUCTeMe UeH 

X . • 

pern!;!TPHPyeMoii ... ~~UUbl e. OimcaHbl C;;H~8a c 
H(i). DoKpaHo;qroho8e.n.eHn~ H (z) npH nMnynbC 
He 3aBJ1CUT OT ...f;'lf:S B lll~pDKOH o6nacni KUHeMaT 
.n.aHHble no UHKnJ03U8HbiM. ce~eHUSIM npu ...Js > _31 
HOCTb H (z). ·. Dpo8e.n.eHbi MoHie-Kapno pac 

.n.nH H (z)" ilpu pmK.n.eHnH qacrnll' n:t. K±, y 8 pp~c 
raTbl MOryf· npe.n.craBnSITb UJiTepec .wlH 6y;iymux 

- Pa(xm1 8bu1onHeHa 8 J1a6oparopuu 8biCOK~> 

_npenpHHT{)6j,CJIHiieHHOro HH~TilTyra liJiep~bll 

. . .. I' , ..,.. .. -

Zborovsky I. et al: 
Z-Scaling in Hadron--Hadron Collisions at _High 

. •,. -

New scali~g. z:.scaling, in the~inc.lusi~e pru 

n=t, K±, y)in pp fpp~collision_s is; predicted. The 

via the 'Ei'aldq3 i~clu.si~e-' cross section of 
multiplicity density dNidf\ at pselldorapidity f\ 
scaling variable z = rs I (11M· dN/df\ (0)), the 
• . • X . ' 

detecti,on. imgle 8 is investigat~d. The sy~!Jle 
H (z) ·are found. It . is shown that H (z) for 
q > 0.4 GeVtc: is indepenQent of :v'i and e in ~ 

. production .. The· avaihible experimental data co 

· fu~cti~n. Some predictions for H .(i) ofJ:, K±, 1 
Carlo: code hirve been made. The obtained re1 
experiments at RHIC and LHC . · . .. 

The !nvestigation has b~en performed at.the 1 

: . . - . 
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