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1 Introduction

Particle production with hgh transverse inonienta is raditionally connected with local
character of hadro iteractions. Locality of te iteraction is expresse i ternis Of tle

hadrou constituents. Scaling featurcs Of high-I)T hadron spectra eflects self-similarity of
constituent iteractions Terefore, search for sealing regularities lit ig eergy ollisions
of hadron ad uclei is of pysical iterest U to tis date, te ivestigation of hadioll
properties i tle ig eergy collisions as revealed widely kown scaling laws. Fron te
most popular and fanious, let its entio te Feyninan scaling 1) observed il iclusive
particle production te 13jorken scaling 121 in deep ielastic scattering (DIS), y-scaling 3]
valid i DIS o uclei, hiniting fagmentation eablished for nuclei 4 scaling behaviour
of te cumulative particle production [5 6 71, le Koba-Nielsen-Olesen (KNO) caling 8],
and others Aother expression of self-Sillfflanty i hadronic interactions are escribed
by quark counting rules 1.

One of the ethods to study te properties of particle structure, constituent iiter-
actions nd particle formation is z-scabiig [101. Te scaling was oserve i roton-
(anfi)proton ad proton-nucleus igh enet gy ollisions. lit ti6s paper we develope the
concept of the scaling for n ad 7r-A ollisions.

2 Basic principles of z-scaling

Tile iea of z-scahng is bse o te principles of locality, self-sinlilarit ad flart'alit of
hadronic iteractions. Te propertics me assume([ to be revealed il igh cucigy i ollisions
of hadrons ad nuclei. Teir most pronounced anifestation is expecte i te inchisive.
pio(hiction of particles with 1uge trnnsvci-se morrichtft.

2.1 Locality principle

Following te ideas sggeste i Ref. 16] w �tssunie tat gloss fatures of te inchisive
particle distributions for te reaction

MI M., * 771 + (1)

call be describe i terins of te constituent subprocess

(XlMl + (-2M2) - 'll + (XIMI + X2M2 712) (2)

satisfying to te condition

( I PI X 2 P2 _ P)2 = (XIM + X2M2 + I12)2. (3)

The assumption is expression of locality f te hadronic iteractions at constituent level.
The xi ad x2 are fractions of te icoming four-inonienta Pi and P2 of the colliding
objects wit te inasses M, and M2. Te p is foui-inoinenturn of te iclusive, particle
MI. The parameter m2 is itroduced to satisfy he iternal conservation laws (for isospin,
baryon umber, strangeness ad so oil).

2.2 Self-similarity principle

SeLf-shailarity is a scale-invaiiant poperty Connected With dopping of celtail dliell-
sional quantities out of pysical picture of tile interaction. It ean tat fr description
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of pysical processes dimensionless quantities are used. Oe of the approaches to descrip-
tion of production cross sections complying with this requirement is the z-scahug. The
sealing function V(z) depends i a self-similar inanner on a single variable z. The scaling
function is expressed via te ivariant differential cross section Eduldp3 as follows

7rS d3 o,
OW -- J-I-p- (4)

PO'i. dp3

Here s is the collision center-of-mass energy squared, ari, is the inelastic cross section, J
is te corresponding Jacobian, and p dNIdi? is the particle multiplicity density. The
function k(z) is ormalized as

V, (z) dz (5)

The relation allows us to give the physical meaning of te scaling function ik(z) as a
probability density to form a particle with the corresponding value of the variable z.

2.3 'ractality principle

Principle of fractality states tat variables used in the description of the process diverge
in terms of the resolution 11, 12]. This property is characteristic for the scaling variable

Z Zoir" (6)

where

f2(XI, X2) X1)J ( - X2) (7)

The variable z has character of a fractal measure. For a given production process (1),
its finite part zo is the ratio of the transverse energy released in the binary collision
of constituents 2) and the average multiplicity density dN1d71J,=o. The ivergent part
Q` describes the resolution at which the collision of the constituents can be singled
out of this process. The f2(X1, X2) represents relative number of a initial configurations
containing the constituents which carry fractions x and X2 of the incoming momenta.
The 1 and 62 are the anomalous fracW dimensions of the colliding objects (hadrons or
nuclei). The momentum fractions xi and X2 are determined in a way to minimize the
resolution X2) of the fractal measure z with respect to a possible sub-processes
(2) subjected to the condition 3 The variable z was interpreted [101 as a particle
formation length.

3 Z-scafing in iT-p collisions

In this section we study the properties of data z-presentation for hadron production
in 7-p collisions. One of the ingredients in the definition of the variable z is the particle
multiplicity density p(s = dN1dr7J,=o. We have simulated the multiplicity density 131
using the PYTHIA 141 in the energy range = - 200 GeV. The generated values
were parameterized in the form p(s = aa b ,where a = 059 ± 0.08, b = 0. 126 ± 0017. The
energy dependence of p(j i 7r-p collisions is found to be similar as for the experimental
measured multiplicity density in the nucleon-nucleon interactions. Therefore we use the
experimental values in our analysis.
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The second ingredient n the variable z is the anomalous fractal imension of te
colliding objects. For the nucleon-nucleon collisions SI S2 H SN- The value Of SN Was
determined in Ref. [101. For pion-nucleon collisions, we deal with the asymmetric ase
SI =- J. 54 SV 

In our analysis we verify te hypothesis of te energy independence of data z-preseritation
for hadron production in 7r-p collisions to determine S- We use the experimental data
on cross sections or r+-', ', and i hadrons produced in 7r-p collisions obtained i Refs.
[15, 16, 17, 18]. The ineassurerneirts were inade at pion inonienta PJ.b = 40, 200 ad
300 GeV/c over the high transverse omentum range 0.8 < PT < 0. GeV/c. Note tat
the data denionstr-tte strong energy ependence of cross sections as function of te trails-
verse momentum. The difference between the hadron yields increases with PT. Tle energy
dependence of te cross sections is contrasted with z-presentatioll of tile data obtained
for 5 = .1. The. result confirms te hypothesis of existence of te eergy independence
of the z-scahng in i0,I-111IC1eOI iteractions. Te results are iustrated in Figs. 13.

Nevertheless, we would like to note tat last points of the spectrum for te icident
pion momentum Pt�b 40 GeV/C show some aundance of the hadron yields. Fro or
point of view it eans xistence of cnsiderable systematic errors of easurements at
high transverse omentum in the 7r-p collisions at tis energy [18]. We do ot observe
such anomalies in pp interactions (Fig. 4.

4 Z-scaling in 7r--A collisions

Using the concept of z-scaling, we exten or study to hadron productio i 7r-A
collisions. In tis case w specify te saling variable i aalogy with its construction
for the elementary pion-roicleon iteraction. We determine te scale of te variable z
in terms of the averaae multiplicity density of particles produced i te corresponding
pion-nucleon interaction. Te -.anomalous factal dimensions of uclei A are expressed
via tle nucleon fractal diniension N a fows 101

SA = A �,. (8)

The value of po 5 is used te same as etermined fro te pion-irucleork iteractions.
The experimental data oil cross sections [15, 19, 201 ave bee aalysed. Te data are

shown as function of rT �ind z Figs. 57. Z-presentation of the data anifests clear
energy independence i the wole region of' fire transverse nionienturn considered. Te
scaling functions for different uclei Be, Cu. ad W are withi te errors tle same. Tile
result is a confirmation of validity of te z-scaling i particle productio i pion-nucleus
collisions. The similar properties re observed for hadron productio i proton-iniclcus
collisions, as well (Fig.8).

As seen from Fig.6, te saling function anifests a power behaviour i te regio of
large values of z

V)(Z) - Z-0. (9)

From our point of view, such asymptotic regime reflects fractal character of particle for-
mation. The fractality is connected with definition of the scaling variable z which as
character of a fractal easure. Te easure tends to infinity as the resolutio icreases
and does not violate the power law for any value of z.
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Figurel. (a)Dependenceoftheinclusivecrosssectionof7r+-mesonproductionontransverse

momentum qT at p = 40, 200, and 300 GeV/c and 0,"I.' -- 90" in 7r-p collisions. Experimental

data are taken from [15, 18]. (b) The corresponding scaling function V(z).
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Figure 2 (a) Dependence of the inclusive cross section of 7r'-meson productio o transverse

momentum T at Pl�b = 100, 200, and 300 GeV/c and O'P 90" in ir-p collisions. Experimental

data are taken from 16, 17]. (b) The corresponding scaling fnction V(z).
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Figure 3 (a) Dependence of the inclusive cross section of K-meson production on trans-

verse momentum qT at p = 40, 200, and 300 GeV/c ad O'P - 90( in r-p collisions. Experi-

mental data are taken from [15, 181. (b) The corresponding scaling function O(z).
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Figure 4 (a) Dependence of the inclusive cross section of K+-meson production on trans-

verse momentum qT at Pl�b = 70,200,300, and 400 GeV/c and -_ 900 in pp collisions.

Experimental data are taken from 21, 22]. The solid lines are obtained by fitting of the data at

pl,, = 70 and 400 GeV/c. (b) The corresponding scaling function Oz).
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Figure 6 (a) Dependence of the inclusive cross section of ro-meson production on transverse

momentum T in 7r-A collisions at VI- = 31 GeV. Experimental data are taken from 19, 201.

(b) The corresponding scaling function tp(z).
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Figure 7 (a) Dependence of the inclusive cross section of K-meson production on trans-
verse momentum qT in ir- A collisions at Pl�b 200 and 300 GeV/c. Experimental data are
taken from [151. (b) The corresponding scaling function V(z).
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Figure 8. (a) Dependence of the inclusive cross section of K+-meson production on trans-
verse momentum qT in pA collisions at PW = 200, 300 and 400 GeV/c. Experimental data are
taken from 21, 23]. (b) The corresponding scaling function lO(z).
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5 Conclusions

The z-presentation of experimental ata on cross sections of hadron productio in
7r p ad 7r-A collisions was constructed. Te aomalous fractal dimension of pion 6 =
0.1 aows to reproduce te general properties of te z-scaling establishe i pp ad
pA iteractions. Te saling function V(z) demonstrates eergy idependence i a wide
region of te colliding eergy a te transverse omentum Uiversal character of V(z)
for different uclei was found. For suffirient large values of z, the saling functio is
gOVerUed by a power law.

The z-scaling confirmed i 7r-p ad 7r-A collisions reflects general properties of particle
production such as self-similarity, locality, ad fractality. Te scaling function V(z is
interpreted as te probability density to form a particle with te formation length z. Te
scaling an serve as a ffective tool i sarching for ew physical phenomena i pion
induced reactions at sall sales.
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TOKapeB M. B. ii �ip. E2-2002-251
Camonoao6iie pox2eHHq aapOHOB c 60JIbWtiMH rionepeqHblM14

14MFIyJ1bcam B -P- ii CA -B3aHmoaeACTB1i3IX

143"alOTCA CBOHCTBa camorioao&A po)ueHiiA aApOHOB c 6oribwtimlli noHepeq-
HbIMH HMr]yJ-1bCaMH B It - H CA -B3a"moaefiCTB11IAX. flpOBeaeH aliani,113 3KCriepH-
meHTaJ]bHbIX AiaHHb[X B aMKaX K1-luem-lum Z-CKefiJ1HHra. OripeaejieHa allomailbi-la3i

#aKTW1bHaA pa.3MePHOC-Fb X51 Haiie-ratouiero 1-111101-11a = 1. YCTavio&,IeHa 3Hep-
FeTjiqeCKaA He3aB14CHMOCTb z-ripeuCTaBjieH1iA 3KCnepHmeHTW1bHb1x aHHbIX. AHa-
AM A-3a][314CHMOCT111 z-cKefiAIlHra 17101(a3aji, W topmtipoBamie aapOHOB

B n-A-B3aiimojefic-rBHAX o6iiaaaeT CBOfiCTBOM camonoao6l`151.

Pa6ciTa BbinOYIHetia B 1a6opaTOp1!I4 BbIC0KI4X -3)'leprMfi iim. B. M. BeKCJ]epa

" A. M. bajialffla OHAH.

f1penpimT 06-6ealMeHHOrO 4HCT"Tyra ARePHb1X Ficc:ieaOBamiA. �(y6FIa, 2002

Tokarev M. V. et al. E2-2002-251

Self-Similarity of High-PT Hadron Production

in np and CA Collisions

Self-similar proper-ties of hadron production in np and 7CA collisions over

a high-PT region are studied. The analysis of experimental data is performed

in the framework of z-scaling. The scaling variable depends on the anomalous

fractal dimension of the incoming pion. Its value is found to be = .1. Indepen-

dence of the scaling function z) on the collision energy is shown. A-dependence

of' data z-presentation confirms self-similarity of particle formation in 7-A colli-

sions.

The investigation has been performed at the Veksler-Baldin Laboratory

of High Energies, JINR.
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