


1 Introduction

A study of the A-dependence of particle production in lA and hA collisions is
traditionally connected with phenomena of nuclear matter influence on particle for-
mation. The difference between the cross sections of particle production on free
and bound nucleons is normally considered as an indication of new physics phenom-
ena (EMC-effect [1, 2], J/v-suppression (3, 4], enhanced A-dependence in hadron
production [5]). It is expected that the commissioning of such large accelerators
of heavy ions as the Relativistic Heavy lon Collider (RHIC) at Brookhaven or the
Large Hadron Collider (LHC) at CERN [6, 7, 8] gives a new possibility of search-
ing for quark-glion plasma (QGP), exotic phase of nuclear matter [93-[17]. The
A-dependence of the cross section is usually presented in the form o = g . Aelmpsl,
Here oo is the cross section on free nucleon, the factor afz,py) characterizes the
influence of muclear matter on the mechanism of particle formation.

Numerous experimental results on particle spectra measured in pA, and AA colli-
sions at BNL, CERN, and Fermilab [18, 19, 20] over a wide energy and transverse
momentum range show that the shapes of the distributions are not simple expo-
pential in any representation (pi,mi,ML — Mo etc.). The deviations from a pure
exponential in m, -representation are discussed in Refs.[21, 22, 23). The slope con-
stants that are used to characterize the spectra depend on particle type, rapidity,
centrality and the energy of collisions, too.

The A-dependence of hadron production over a high and low transverse mo-
mentum range was investigated in [5, 24 and [25, 26, 27, 28], and a nontrivial
a-dependence 0n T = P/Pmac 8nd py was found. The A-dependence of cumulative
particle production in pA collisions on H, D, Be, Al,Cu, T, Pb nuclei was studied in
Refs.[31, 32].

As shown in Ref[31], the ratio of the inclusive eross section for at-meson pro-
duction RYP(X,A) = A~'g3/p} as a function of cumulative number X [26] demon-
strates a strong A-dependence. The ratio was found to be practically constant over
the range X < 1 and to reveal an exponential growth at X > 1. The A-dependence
of the ratio RAP shows an asymptotic behaviour with increasing atomic number.
A similar exponential behaviour for the ratio R°/P(z) = FY /FP of deep-inelastic
structure functions at z > 1 was found in [33].

A detailed review of the A-dependence of particle production in hA and AA
collisions can be found in [24, 28, 32],[34)-[36] (see also references therein).

One of the methods to study the properties of nuclear matter is to search for
the violation of scaling laws established in elementary collisions (pp, Pp, lp etc.).
In this paper, we study the A-dependence of z-scaling for hadron (n*, K*,p} pro-
duction over a high p, range in pA collisions. The scaling was proposed in [37]
to describe the feature of badron production in pp and fip collisions. The idea of
the scaling was developed for the analysis of direct photon production in pp {38},
fp [39] and pA [d0) collisions, too. The general concept of the scaling is based on
such fundamental principles as self-similarity, locality, fractality and scale-relativity.
The first one reflects the dropping of certain dimensional quantities or parameters
out of a physical picture of interactions. The second principle concludes that the
momentum-energy conservation law is locally valid for interacting constituents. The
third fractality principle says that both the structure of interacting particles and



their formation mechanism are self-similar over a kinematic range. The forth one
a scale relativity principle, states that the structures of interaction and intera,cting‘
objects reveal self-similarity and fractality on any scale [41, 42].

As shown in Refs.[37, 46, 42), the experimental observables, inclusive cross section
Ed%s/df and the multiplicity density of charged particles dN/dn|,=c = p(s), can be
used to obtain a new presentation (z-presentation) of data. The scaling function H(z)
is found to be independent of center-of-mass energy +/3 and the angle of produced
particle ¢ over a wide kinematic range. The properties of the scaling are assumed to
reflect the fundamental properties of particle structure, interaction and production.
The scaling function H(z) describes the probability to form the hadron with forma-
tion length z. The existence of the scaling means that the hadronization mechanism
of particle production reveals such fundamental properties as self-similarity, locality,
fractality and scale-relativity. '

The A-dependence of z-scaling for hadron (r*, K*,$) production in pA4 collisions is
studied in this present paper. The symmetry property of the scaling function under
the scale transformation z — a2z, ¢ — a9 is used to determine the A-dependence
of transformation parameter . It is shown that o depends on the atomic number
only. The properties of z-scaling for particle production in pA collisions are used to
predict the particle yields at RHIC energies.

The paper is organized as follows. A general concept of 2-scaling and the method
of constructing the scaling function for the p+ 4 — h+ X process is described
in Section 2. New results on the A-dependence of z-scaling for n* K*,7 particle
praduction on muclei from D up to Pb based on the analysis of the experimental
data, discussion of the obtained results, physical interpretation of the scaling function

and the variable z are presented in Section 3. Conclusions are summarized in Section
4,

2 Z-scaling

In this section, we would like to remember the basic ideas of z-scaling dealing
with the investigation of the inclusive process

The momenta and masses of the colliding nuclei and the inclusive particle are de-
noted by P, Py, q and M, Mz, m,, respectively. In accordance with Stavinsky's ideas
[26], the gross features of the inclusive particle distributions for reaction (1} at high
energies can be described in terms of the corresponding kinematic characteristics of
the exclusive subprocess written in the symbolic form

(1.'] Ml) + (IzMg) — Ty + (le] + szZ + Tn‘l) (2)

’_I‘he _pa.ramemr me i8 introduced in connection with internal conservation laws (for
isospin, baryon number, and strangeness). The z; and x; are the scale-invariant
fractions of the incoming four-momenta P, and P; of the colliding objects. The
energy of the parton subprocess defined as

i = &P+ Po) (3)
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represents the cemter-of-mass energy of the constituents involved in the collision. In
accordance with a space-time picture of hadron interactions at the parton level, the
cross section for the production of the inclusive particle is governed by a minimum
energy of colliding partons

do fdt ~ 1/8%: (%1, T2)- (4)
The corresponding energy 32 is fixed as a minimum of Eq. (3) which i3 necessary

for the production of the secondary particle with mass m, and four-momentum g.
Below we present a scheme from which a more general structure of the variables
r, and zz follows. We would like to emphasize two main points of this approach.
The first one is s fractal character of the parton content of the involved compeosite
structures. The second one is based on the self-similarity of the mechanism underly-
ing the particle production at the level of elementary constituent interactions. Both

points will be discussed in the other sections.

2.1 Momentum fractions z, and
The elementary parton-parton collision is considered as a binary subprocess which
is satisfied to the condition
(2P + 2P — g)? = (z. M) + 2 M, + ma)?. {5

The equation expresses the 4-momentum conservation law for an elementary subpro-
cess. Relationship between x, and z, is written in the form

ri¥g — 31A2 d xle = ’\01 (6]
where
s = Pag) + Myma s, = 10} + Mima _ _0.5(m3 — mi) )
VE AP - MMyt (PiR) - MM (PFs) — MM,

Considering process (2) as a parton-parton collision, we introduce the coefficient
) which connects kinematic and dynamic characteristics of the mteraction. The
coefficient is chosen in the form

Qz1, 22) = m(1 — 1) (1 - €2, {8)

where m is the mass constant and 4, and & are the factors relating the fractal
structure of the coliding objects [42]. We define the fractions z, and z2 to maximize
the value of $}z;, %), simultanecusly fulfilling condition (6)

m(zla xz)
dz,
The prominent expression for iz = #1203, My Az, 61, 62) was obtained in Ref.[42). A
physical interpretation of the coefficient {1 and the factors d; and 4, of is given in
Sec. TV.
Equation (7) satisfies the 4-momentum conservation law in the whole phase space.
The variables z,, are equal to unity along the phase space limit and cover the full

-0 (9)
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?rl;a.se ;pace a(:_ct?ssible at any energy. The restriction A;+ A2+ X < 1 can be abtained
m the condition x; < 1. The inequality corresponds to the threshold condition

(My + My +my)* + E? —m? < (/52 - EY-. (10)

Here \/s; and E are thg energy in the center-of-mass of the reaction and the
energy o produced mnluswt? particle. The inequality (10) bounds kinematically the
maximun energy E of the inclusive particle m, in the c.m.s. of reaction (1).

2.2 Scaling variable z and scaling function y(z)

In accordance with the self-similarity princi i
- . . y principle, we search for the solution d -
ing on a single scaling variable z in the form on depend

1 do
) ————
by s )
Here 0y, is the inelastic cross section, < N > is ipli
ks s the average multiplicity. Th
functlox? ¥(z) t‘las to be dependent on the scaling variable z. All the qula).ntiti)fr:s refei
to pA interactions. The function ¥ is expressed via the invariant differential cross

section for th i i i i i
. e production of the inclusive particle m, and introduced as follows (see

__msA . do
W)= @)

where, the factor J is given by

g0z Oy oz
B B Brg N, (13)

Here s is the square of the center-of-nass ener i

. . gy of the corresponding NN-system
a.ndlA is the atomic number.‘ ]i.}xpresaion (12) relates the inclusive diﬁerentia.lyzrom
?ectm_n and the average multiplicity density pa(s,n) =d < N > /dn to the scaling
unction w('z). As usual, the combination y = 0.5In(A;/\,) is approximated to
(pseudo)rapidity » at high energies.

We choose 2z a8 a physically meaningful variable which could reflect selfsimilarity

{SCa.l in 8.[‘13.!1(‘,8) a5 a geﬂe[‘al pﬂ.ttern Of hadl'on p[l) ct aceor (lﬂ.]l w
e \Y i d .
] . ucton In Ce lth the

z= 5L
0-o(s)’ (14)
where éi"z i

mhere 4 ;s;/gha Atlr/a:n—sverse_lunetxc energy of subpm(?ess (2), defined by the expres
! A 85— my — (Miz 4+ Mazz 4+ mg); Q is the fractal measure given by
Eq.(8) a.nc_i p(s) = dN/dn},—u is the average multiplicity density of charged particles
produced in the central region of the corresponding nucleon-nucleon interaction

The transverse energy consists of two parts -

abf2 \/_— N
57 =MD + AR, 3;/2 = Viab + xR, (15)

which represent the transverse energy of the inclusive i i i
' : particle and its recoi, respec-
tively. We would like to note that the form of 2z, as defined by Eqs. (14) s.ndr?;):
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determines its variation range. The boundaries of the range are 0 and oo. These
values are scale independent and kinematically accessible at any energy.

2.3 TFractality and scale-relativity

Let us focus our attention on some symmetry properties of z-scaling construction.
As noted above, Eq.(6) describes the 4-momentum conservation law for the elemen-
tary subprocess. The equation is a covariant one under the scale transformation

Az — P2 e D1z AT X bt (16)

The scale parameters, pz, are chosen in accordance with the type of the collisions.
This js reasonable for the description of the pp, pA and AA interaction to use
po=1lpp=1and pp =1,pa=A; sod ;= Ay, pn = Az, respectively. Here A,
and A, are the corresponding atomic pumbers. The scale transformation allows us
to consider the collision of complex objects in terms of a suitable subprocess of
interacting elementary constituents. The choice of the elementary subprocess suitable
to the problem is importent for the development of a microscopic scemario of the
collision.

The coefficient {} conmects the kinematic with dynamic characteristics of the in-
teraction. The factors §, and d; are related to the fractal structure of the colliding
objects. (The fractal dimension of the nucleus was found to be expressed via the
fractal dimension of the nucleon, dx = A-8y [42]) The fractal structure itself is
defined by the structure of interacting constituents which is not an elementary one
either. In this scheme, hadron-hadron, hadron-nucleus and nucleus-nucleus collisions
are considered as an interaction of two fractals. The measure of the imteraction is
written as

Q=" an

where § is the coefficient (fractal dimension) describing the fractal structure of the
elementary collision. The factor V' is part of the full phase-space of fractions {z;, 22}
corresponding to such parton-parton colligions in which the inclusive particle can be
produced. The fractal property of the collizion reveals itsell so that only the pert
of all multiscatterings corresponding to the phase space V¥ produces the inclusive
particle.

The full phase-space is determined by the condition {0 < z;,72 < 1.} Equation
(7) represents the kinematic restriction on binary parton-parton collisions in which
the inclusive particle with momentum g can be produced. The volume V' of the full
phase-space, accessible for the productien of the inclusive particle given by the values
of kinematic variables P, P;, and g, is approximately written as V=_01-1)(t—x).

In the case of collisions of asymmetric objects, the approximation for the measure
2 is written as follows

Q=(1-z)"(1-2)% = (1-2)" (1 - 22)". (18)

The equation shows the correlation between the fraction z; and fractal dimension
5. (The scale transformation can be chosen so that 8, = §;.) The measure is the
invariant under the simultaneity of the scale transformation of Lorenz invariants
and multiplicative transformation of &.



Physically, the asymmetry 4, # 4; is due to a richer structure content of the
studied objects (hadron, nucleus etc.) in comparison with the structure of probe
(lepton, hadron etc.).

The other method to describe the asymmetry of incoming objects is to use the
parameter which is the ratio of the corresponding fractal dimensions a = 6,/4,
[42]. The parameter describes a relative resolution of ome fractal structure with
respect to the other ome and plays the role of a parameter which labels single scale-
inertial frames [41, 42). Constructing a self-consistent and self-similar solution of the
problem, we have to rely on special relativity which yields the limitation of any
veloeity, vfe < 1. It gives the restriction on any scales @ > 0 [42]. Besides the
laws of motion, the relativity principle applies to the laws of scale [41], as well.
It states that the laws of Nature are identical in all scale-inertial systems. In the
considered perspective, the principle of scale relativity states that the Einstein-Lorenz

composition law of velocities applies to the systems of reference whatever their state
of scale [41].

3 A-dependence of z-scaling in pA-collisions

Two sets of experimental data for hadron production in pA collisions obtained at
Fermilab [5] and Protvino [24] were analyzed. The first set includes the results of
measurements of the invariant cross section Edo/dq’ for the production of hadrons
(r*,K* ) at a lazge transverse momentum g, of 200, 300 and 400 GeV protons
incident on the H,D,Be,Ti and W targets. The measurements were made at a
laboratory angle of 77 mrad, which corresponds to angles near 90° in the c.mn.
systema of the incident proton and a single nucleon at rest. The ¢, range for the
data is 0.77 < ¢4 < 6.91 GeV/e. The second one was obtained at the accelerator
U70 using a proton beam with an cident momentum of 70 GeV/c. The D,C, Al,
Cu,5n and Pb nuclear targets were used. The produced hadroms were registered in
the transverse momentum range ¢, = 0.99—4.65 GeV/c and at an angle @yy of 90°.

Here, we describe the procedure of z-analysis of the data [5],(24]. The function ¥
is caleulated for every mucleus using Eq.(12). The normalization factor 0?2 /o™ [43]
was used instead of o, in the expression for the inclusive cross section. The factor
aP? is the total inelastic cross section for pA interactions. To construct the function
P(z) for particle production in pA interactions, it is necessary to know the values
of the average multiplicity density pa(s,7) of secondaries produced in pA collisions.
The relevant multiplicity densities of charged particles were obtained by the Monte
Carlo generator HIJING [44, 45] for different nuclei (A = 27--197) and parametrized
[46] by the formula

Pa(8)=0.67-A18. 42105 A>2 (19)

The obtained results for pa(s) are in good agreement with the experimental data
{47]. The scaling functions for different nuclei obtained in this manner reveal an
energy and angular independence. The symmetry transformation

z— -z, p—al-yP (20)

of the function (z) and the argument z was used to compare the functions
for different nuclei. Figure 1(a) shows the dependence of the function 4 on z for
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s*-meson produced in pA collisions at an incident proton mMOMENtUM Piab of 70
and 400 GeV/c and an angle of =~ 90°. The dependence of the _mcluswe cross
section Ed’o/dg® on the transverse momentum 4. of the same ex_penment.al data. is
shown in Figure 1(b). The solid and dashed lines restrict the regions corrgspo::ld.lng
to the sets of data, [5] and [24), respectively. The results prest_ant,ed in Figure
1(a) confirm the validity of 2-scaling for the lightest (D) and hea.vms_t {Pb) nuclel.
The property of the function ¥(z) allows us W say that the p:echs.nmm of hadron
formation demonstrates a feature dependidg on general properties of nudt?ar matter.
The function characterizing the influence of matter on badron formation is found to
be e = a{A). The dependence of the function a(A) on atomic number A is shown
in Figure 2. One can see that the function is independent. of mou}entum Prap- 1D
contrast to the z-presentation of experimental data, the g.-presentation of the_sa.me
data demonstrates a strong energy dependence ®. The values of the cross section of
the same nuclens (D) at ps = 70 and 400 GeV/c differ more than by two orders
st q. >4 GeV/c. Thus, the results presented in Figures 1(a) a..nd .2 ﬂ]ustratfa.the
existence of the A-dependence of z-scaling for #-meson production in pA collisions
at a high colliding energy /3 over a high transverse momentum range and at a
roduced angle of near 90°. _
? Figures 3%;.‘]3 and 3(b) present the dependences of ¥ on z a.nd_ Ed“‘a/dqi on q
for 7 -meson production, respectively. The a(A) dependence obtained .for *7-meson
production (Figure 2} was used to calculate the scaling function of different _nucles
for x -meson production, too. Thus, the z-scaling of m -meson produced in p;_‘l
collisions over the range of incident proton momentum proy = 70 — 400 GeV/c is
confirmed. . . .
Figures 4,5 and 6 show the dependence of the function % on z and inclusive cross
section Ed'o/dg® on transverse momentum ¢, for K + K- and p hadroxis produced
in pA collisions at a proton momentum Pieh of 200,300 and 400 GeV/e and an
angle of 90P, respectively. During the calculation the same «x(A) dependence was
used. The solid lines are obtained by fitting the experimental data corr_espondmg
to different p.s and the same nuclear target, W. As we see from Figures 4.6
and 6, the difference between the cross sections increases with pp, and g,. Here,
we would like to note that the function 1, corresponding to the second data _sot.
[24], reveals a devistion from the first one [5]. The result indicates the correlation
between oolliding energy /5 and the mass of produced particle,. We found that
the violation of z-scaling incresses with decreasing pi and increasing hadron mass
m,. The restoration of z-scaling is observed at large encugh /3. We.z .woulld like
to remember that the scaling in the proposed form is valid for pp m_lhsnons in Fhe
energy range /5 > 20 GeV {37]. It is reasonable to assume thatl a sirpllm.restrz_ct.mn
exists for proton-nucleus interactions and that the full asymptotic regime is achieved
corresponding center-of-mass energies.
mee use t.h(:.m]fropert.ies of z-scaling to calculate the cross section of particle pro-
duction in pA ocollisions at RHIC energies. Figures 7-11 show the dependence of tl_w
inclusive differential cross section of a*, =, K+, K~ and § particles pmduu?d.m
p--Be (a) and p—W (b) collisions on transverse momentum g, at different culhdmg
energy /5 and @yy = 90°. The points and solid line are the results obtained at

S7The other presentations of experimental data are discussed in (42}



different colliding energy (o — 63 GeV, 0 — 200 GeV, 4+ — 500 GeV}. The experimental
data, A — 27 GeV, are taken from [5]. It should be noted that the obtained g, -
dependence of the cross section demonstrates a non-exponential behaviour in a high

trangverse momentum region (g, up to 10 or more GeV/e) for all types of produced
particles and nuclear targets.

4 Discussion

In this section, we qualitatively discuss the obtained results in the framework of
a fractal picture of constituent interaction. Its substantial element is the idea of
fractality of constituents (hadrons, nuclei etc.) and their interactions. We would like
to emphasize that z-scaling was observed in the production of particles with high g,
at high energies. This means that the scaling function describes the fragmentation
process of point-like produced partons into observable hadrons. The cross section of
hadron interactions at the level of point-like parton-parton scattering (4) is governed
by the minimum energy 5:,{3,, of colliding constituents. Thus, the point-likeness of
the constituents is defined by colliding energy /3 and the transverse momentum of
regigtered hadron.

A fractal character in the initial state regards the parton compositeness of hadrons
and nuclei and reveals itself with a larger resolution at high energies. Led by these
principles, the variable z is comstructed according to Eq.(14). The fractal objects
are usually characterized by a power law dependence of their fractal measures [41].
The fractal measure, considered in our case, is given by all possible configurations
of elementary interactions that lead to the production of the inclusive particle. It
takes the following form

s, 22) ~ (1 — 21)B (1 — 2)™.

The formula expresses the factorization of the fractal measure with respect to the
fractal measures of colliding objects. Both are described by power law dependence in
the space of fractions {z;,z;}. A single measure reflects the number of constituent
configurations in the colliding object inwvolved in the production of the inclusive
particle. The measure is characterized by the fractal dimension 6. Fractal dimensions
can be different for various colliding objects. The results of the analysis [42] show
that the fractal dimension of nucleus d, is related to the nucleon fractal dimension
oy for different types of produced hadrons (2%, K*, 5) by the following simple form

da=A-by. (21)

The relation describes the additivity of fractal dimension of nucleus® In the frame-
work of the fractal picture, the number of initial configurations is maximized ac-
_oording to Eq.(8), and the variable z describes the energy of elementary constituent
collision per imitial configuration and per produced particle.

The exstence of z-scaling itself is the confirmation of hadron interaction self-
similarity at the constituent level. The property reflects the simplest property of

5The breaking of the additivity of fractal dimension was discussed in Ref[42].
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the corresponding equation, scale invariance. According to the principlel of sca.le
relativity, the basic equations should be covariant under scale transformation. This
means that the objects or phenomena described by the equations should demonstrate
the properties of fractals.

The measure §2, introduced above, describes the structure of colliding objects
by the power law. Moreover, equation (9) determining the function. ¥ reveals the
property of scale covariance under scale transformation (16), We consider the results
as an indication of the fractal structure of interacting objects.

Now, we would like to discuss the physical interpretation of the function .
As one can see from Figure 1(a), the z-dependence of ¢ demonstrates & different
behaviour over o low and high z range. The ranges correspond to low and high
q, Tanges, respectively. According to the general ides that the function ¢ describes
the hadronization mechanism, we interpret a different behaviour of the function as
a transition from the soft to hard regime of hadron formation in the surrounding
matter. The hard regime is characterized by the non-exponential ¢ ,-dependence of
inclugive cross section in contrast to the soft ome.

Here, we suggest a scenario of hadron formation. The decrease of formation
length is assumed to be due to the influence of the hadronic phase of nuclear
matter. The presence of muclear matter in this form intensifies the "dressing” of a
bare parent parton and accelerates its transformation into a real hadron. We assume
that the influence of nuclear matter on hadron formation depends on the transverse
momentum characterizing the compositeness of colliding objects and the elementary
subprocess. The hadronization process in which the produced bare quark dresses
itself dragging out some matter of the vacuum forming the dressed quark is a self-
similar one. The derivative dip/dz characterizing the process decreases with 2. The
hard regime is preferable to study the space-time evolution of hadron formation.

The results presented in Figures 1(a),3(a)-6(a) give some indications of asymptotic
regime, ¢ ~ z~?, over & high z range. The slope parameter p = —dlog(v) /dlog(z)
tends to & constant value. It means that hadron formation as a fractal process is
characterized by the power law with the fractal dimension p. We assume that the
change of the fractal dimension of particle formation is a signature of new physics
phenomena (quark compositeness, new type of interaction, phase transition etc.).
In the framework of the proposed scenario, the mechanism of hadron formation is
considered as 8 process of construction of complex fractal (hadron) from elementary
fractal blocks. The size and structure of blocks depends on the colliding energy and
transverse momentum of the produced hadron. The value of z i8 proportional to the
number of blocks and can be considered as a relative formation length.

In addition, we would like to discuss the problem of rescattering and multiscatter-
ing mechanisms in the framework of the scenario of fractal particle interaction. The
values of colliding energy +/3 and transverse momentum ¢, define the resolution of
interacting constituents. The point-like probe resolutes the constituents of the hadron
or nucleus and the rescattering of the probe off the hadron or nuclear constituents
take place.

The probe itself is not & point-like one in hh, hA and AA collisions. Therefore
the resolution of colliding objects is defined by the transverse momentum of the
produced hadron and also the probe size. The size and number of hadron and
nuclear constituents involved in the interactions are governed by initial conditions of
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collisions, In the framework of fractal structure of colliding objects, it is practically
impossible to distinguish between the rescattering and multiscattering mechanisms,
The rescattering of constituent at a structure level reveals itself as multiscattering
in the other one.

The A-dependenee of z-scaling obtained in our analysis does not violate the gen-
eral features of z-sealing comstruction [37, 42}. Moreover, the observed form of the
function ¢ for pD and pPb collisions is the same. Thus, the influence of surrounding
matter on the mechanism of particle formation is described by a smooth function
a(A) depending on the atomic number, only. The obtained results show that the
fractal character of the hadronization mechanism is not changed by nuclear medium.
The situation may change if the nuclear medium has inhomogeneocus domains {for
example, DCC [48] ). The search for scaling violations in pp, pA and AA collisions
at high energies, especially in the region of high transverse momenta, could be very
interesting for our understanding the structure of nuclear matter.

One of the manifestations of the transition of nuclear matter to parton phase
corresponding to the joining of partons from different nucleons of nuclei is known as
a curnulative process [25, 26, 27). The corresponding regime of particle production is
kinematically forbidden in nucleon-nucleon collisions. A higher stage of cumulation
corresponds the larger values of the variable z and can manifest itself more prominent
just in a high momentum tail of the spectrurn. The cumulation of the nucleus can
be responsible for the creation of the exotic physical state of nuclear matter which
can reveals itself in the violation of z-scaling.

5 Conclusions

The A-dependence of inclusive particle production in pA collisions at high energies
in terms of z-scaling is considered. The experimental data on the inclusive cross sec-
tions for m¥, K+, # particles produced on different nuclei (4 = D,Be,C,Al,Cu,Ti,5n W,
Pb) over a high transverse momentum range (g, = 1— 7 GeV/c) obtained at UTO
and Tevatron were used for the analysis. The momentum of incident proton p,,
changes from 70 to 400 GeV/ec. The function ¢(2), presenting a new presentation
of experimental data, is expressed via the invariant inclusive cross section Ed%o/dg’
and pormalized to the multiplicity density of particles produced in pA collisions.
The symmetry transformations of the function 4 and its argument, ¥ — o'y and
z — az, are used to establish the A-dependence of the transformation parameter
a. The function & = af{A) is found to be the same one for 7* and K*,§ hadron
produced for p = 70 — 400 GeV/c and pra = 200 — 400 GeV/c, respectively. The
fractal dimensions of nuclei are expressed via the fractal dimension of the nucleon
in the form d4 = A- 8y for different types of produced hadrons. The function (z)
demonstrates main features of the hadronization process in terms of relative forma-
tion length z. The obtained results show that the general properties of the particle
production mechanism such as selfsimilarity, locality, scale-relativity and fractality
reveal themselves in pA collisions as well as in pp and Ppp. Using the properties
of z-scaling, the dependence of the cross sections of x*, K*,§ hadren produced in
pA ocollisions on transverse momentum over the cemtral range at RHIC energies were

10

¥(z}
=Y
L i

SAaDb +90

oo 3

nI

o s HD {_
£4PC

-

B
i

10

p—A
ﬂ*

Pus. Gev/c

Ed’c/dq’, n"cb/(';'e\.!‘z

icure 1. (a) Scaling function {z) for the m*-meson produced in p— A inter-
actf:)l:;‘;u at M(=)70,400 GeV/fc and {m the central region, QNN o 90F as a function
of z. (b) The corresponding inclusive differential cross sections as f1‘mcm0us of the
transverse momentum gy. Solid and dashed lines are obtained by fitting of the data
for D,W and D, Pb, respectively. Experimental data are taken from Refs. |5, 24].
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Figure 8. The dependence of inclusive differential cross section of #~-meson
production in p— Be (a) and p— W (b) collisions on the transverse momentum g,
at different colliding energy /3 and fyy =~ 90°. Points, ¢—63 GeV,0-200 GeV,+—
500 GeV, and solid line are calculation results. Experimental data, A —27 GeV, are

taken from [5].
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predicted. The verification of the predictions and the search for the violation of
z-scaling in pp, pA and AA collisions in future experiments planned av RHIC (BNL)
and LHC (CERN) were suggested.
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