


1 Imntroduction

The search for quark-gluon ptasma {QGP) in hadren-nucleus and nucleus-nucleus col-
lisions is the main goal of the future experiments at the Relativistic Heavy Jon Collider
(RHIC) at Brookhaven and the Large Hadron Collider (LHC) at CERN [1, 2, 3]. Numerous
signatures of the unusual properties of nuclear matter at extreme conditions (high density,
temperature, multiplicity, etc.) are proposed to study [4]. For example, there is an en-
hancement of strange particle production in the final state with respect to the typical level
of the normal hadronic collision [5]. The enhancement is explained as the consequence of
the chiral symmetry restoration {6]. The observed J/i- suppression is related to the color
screening effect and the enhancement of "open charm” (D-mesons) production is predicted
[7]. The ¢ production rate is expected to be extremely sensitive to changes in the quark

- mass [8] due to a possible chiral phase transition at high energy densities. Prompt photon
production can provide direct information on the early phases of the parton interaction -
thermal radiation from QGP and mixed phases [9]. Lepton pair production by hadroniza-
tion processes has been widely discussed as a possible signature of QGP formation [10].
Lepton final states can relate information from the early and dense phase of the system
owing to their minimal final state interaction. The study of the J/4, 4", and T production
gives information on mechanism of Debye screening and- deconfinement [7]. Correlations
between identical bosons provide information on the freczeout geometry, the expansion
dynamics and on the existence of QGP [11]. General indication of a phase transition is the
appearance of the dynamical fluctuations of particle ratio, energy and entropy density as
a function of p, and/or rapidity. The fluctuations have been predicted to arise from the
process of hadronization of QGP [12]. '

However, there is no single clearly established signature of the QGP and, therefore;
access to many observables simultancously will be critical for identifying the event in which
QGP is formed. It is itnportant to study the observables which are well defired in hadron-
hadron collisions and are sensitive to the nature of phase transition from hadron to quark-
gluon degrees of freedom. The investigation shall address in depth the space-time evolution
of the collision. The invariant inclusive eross sections for the production of charged hadrons,
direct photons, Drell-Yan pairs, heavy mesons with beanty and charm, hyperons and jets
can be considered as one of the possible experimental observables to study the unusual
properties of nuclear matter at extreme conditions. Data on the inclusive processes as a -
function of incident energy, momentum, angle and type of the produced particles will be
accessible experimentally. ' _

* In the paper we suggest to use the concept of the z-scaling [13] to the description of
inclusive production cross sections in pA interactions at high energies. The scaling was
applied for the analysis of the inclusive particle production in pp or Pp collisions in the
energy range /s > 30 GeV. The scaling function H{z) is expressed via the invariant
inclusive cross section Ed°s/dg® and the multiplicity density dN/dy of charged particles
produced at the c.m.s. pseudorapidity n = 0. It was found that the H (2} is independent of
‘cm.s. energy +/3 and angle # of the inclusive particle. The symmetry properties of H ()
allow us to connect the inclusive production cross sections for different particles (n%, K*),
The corresponding transformation parameters - ™ have been interpreted as a ratio of
their characteristic formation lengths. In this scenario the scaling function H (#) describes
the probability to form the hadron with a formation length z. The universality of H(z)
means that the hadronization mechanism of particle production is of universal nature. We



suggest that the d]fference between H (z) for p and H, (z) for pA collisions can give definite
evidence about the character of nuclear medium which influences the production process.
We propose that the dependence of Ha(z) on z for hadromc and QGP phases of nuc]ea,r
matter can be quantitatively distinguished. :

.. The method of constructing the scaling function H,(z). for !‘.he P + A — h 4 X process
is. descrlbed in Sec I1. In Sec. II we show that-the available experlmental ‘data for the
pA collisions (A = d,T%, and W) confirm the z-scaling predicted for .inclusive particle
production in pp or Fp int‘eractions at high energies.. The parameters representing rela-
tive formation lengths for ##*.- and K* -meson production have been established for pd
interactions at p = 400 GeV fc.. The A-dependence of the scaling function is studied. It
is found that, the format.:on length of produced particle decreases due to nuclear matter
influence. The prediction for the scaling function Ha.(z) for z+-meson production in pAu
colhslons at the energy /5 = 200 GeV/n and for the detection angles 8 = 15,90, and
165° is made. Verification of the z-scaling jn pA collisions in high z range at BNL RHIC
and CERN LHC allows us to study the transition regime from hadron to QGP phase “and
hopefully it wxli help. to. estabhsh the genera] features of the constituent interactions in the

2 =—'s“651if1g function H(z) -~
- We start with the investigation-of the inclusive process

Mi+4 My — my +X’, i (1)

where M; and M; are masses of the eol_liding nuclei (or i:ié[di"on's)"arid ml'is the mass of

the inclusive particle. In accordance with Stavinsky’s ideas [14] the gross features of the °

inclusive particle distributions for the reaction (1) at high energies can be described in
terms of the corresponding kihematicel ehafaicteristiés of the exclﬁsive subprocess

(mlMl) + (szz)”_' '_ ml + ($1M1 + $2M2 + m?) - L @)

The para,meter m, is mt.roduced in connection with internal conserva.tlon laws.(for isospin,
baryon number, and sl;ra.ngeness) The 2, and 2, are the scale-invariant fractions of the

incoming 4-mormenta P, and P, of the colildlng objects The c.m.s. _energy of the subprocess
(2) is defined as oo 0

: I L L.es \/(w1P1+$2P2) o Ny 3)
a.nd represents I;he energy of the coHldmg constituents necessary for the productlon of the
inclusive particle. In accordance with the space-time picture of hadron interactionsat thé

parton level the cross section for the productlon of the inclusive particle is governed by the
mlmma.l energy of collldmg partons :

N O'N"rljsnrn{ur(xl,ma) . - : ' (4)

We find the fractions =y and za, whlch correspond to the IIllIllma.l value of Dq (3), under’

- the additional constraint
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where Ag{z,,z2) is given by the equation

(z: P + T3Py — q)? =1 My +z2 Mo + mg)? + Aq(xl,wz) (6) '

and g is the 4-momentum of the secondary particle with mass m;. So we determine the -
fractions z; and z, in the way to minimize the value of A,, simultaneously fulfilling the
symmetry requirement of the problem, i.e. Ayzy = Agz; for the inclusive particle detected
at 90%in the corresponding NN center-of-mass system. This gives '
_% (Pag) + Mamo 2 = ii.%. — (Pig) + Mimg (7) .
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Here A; and A, are mass numbers and %; and %, are the fractions of the colliding nuclei
expressed in units of thenucleon mass. Note, that =; and z, are therefore less than 1 for all
values of ¢ The minimal value of A, corresponds to the subprocess (2) with the minimal
released energy in the direction opposite to the inclusive particle ms.
In accordance with the self-similarity principle we search for the solution

=9(2), R

‘where ¥(z) has to be a scaling functlon and choose the vana.ble z as a physically mean-

ingful variable which could reflect the self-similarity (scale invariance} as a general pat-
tern of the hadron production. The invariant differential cross section for the produc—
tion of the inclusive particle m, depends on two variables, say ¢. and 9y through z =

z(a:l(ql,q" s Z2(g1, ) in the following way:

Po 1 [dY(z) Bz 8z
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dg® sT

. This can be shown by partially dlfferentiatlng using the approximation to the Jacobian of
" the transformation (7) which at high energies tends to the value ~2¢, /(sE). If we choose

for z = ,/5;/(), with a scale ) which in a first approximation does not depend on T and
T2, We get
Q da(%qll) 47"( Q_) T _ (10)‘

from the expression (9) in the high energy region. The function ‘H(z) is determined by the
equation ' . .

- (H).

We specify the variable z in the case of pA interactions in analogy with the z-scaling

.construction for the elementary pp or pp collisions. We determine the scale @ to be pro-

portional to the dynamical quantity - average multiplicity density dN/dp|,=o(s) produced
in pA collisions. The point 1 = © represents the angle & = 90" in the correspondmg NN
center-of-mass system. We postulate

sl/? -

= AM-ANQ)d o (12)
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where the coefficient AM has the dimension of energy and we determine it as “the reaction
energy of the inclusive reaction” or, in other words, as the kinelic energy transmitted
from the inttial channel to the final channel of the subprocess (2) "From the total energy
conservat:on we have

AM= Mt m =y - ('t:lm+:c2M+m2) (T ER) -T2, (13)

w;th M a,nd m bemg nucleus and proton masses. The T., Tf , and Ex are the ]‘ﬂltla.] kinetic
energy, the kinetic energy in the final state of the subprocess (2); and the energy consumed
on’ creation of the asa:omate inultiplicity; respectively. Inserting Eq. (12) into Eq (9), we
‘ obtam t.he expressmn
R her=r 1 ()75 i “@”ﬂ' 9
where the functlons Ry and hy are defined in Appendix. They can be wrilten in a simple
approximate form (A7) and (A8) at high energies (/z > 30 GeV). In this enérgy region
hy = by = h(wy,23). Therefore, according to Egs. {AT), (14), and (11), we obtain the

approximate relation

(d“"("‘)hl(xl, ay+?

(M +m)[dNQ)/dn]* L de - (9

H (z) 4h($1,$2) dq3

This rela,tlon connects the mcluswe differential cross section and the muitlphclty density

with the scaling function Ha(z). The properties of the functions P(z) and H(z) under
scale transformations of their argument z can be written in the following form

z== - (16)
Wt w

. e S\ .

Hz) - H() = (2 ). (18)
In order to compare H(z) for pA. with ’H(z) for pp collisions, we normalize the scaling
function as follows

1
R‘:ncl
The coefficient Rie = ‘Tmez folr.; is the ratio of the corresponding inelastic cross sections

[15]. Finally, we exploit the symmetry property (18) and perform the transformation of
the scale

Halz) = - Ha(2). ' | (19)

§:A'Z;” HA(Z) A

For H, as a function of z we get

(A—146=z— Az2)*m*(dN{0)/dn)? o EdsapA

Yinel .

SA((A—1+8) ~ (a1 - Azy)f]  o?A " Tdgs

tnef

HA(fj =

(21)
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where & = 2 — (my + ma)m ™. We omit the bar symbol over the letier 2 in the rest of the
paper.

Now we would like to present some qualitative picture, the substantial elements of which
are the basic characteristics of the underlying parton subprocess {2) in terms of the scaling
proposed. 1 proton-nucleus or nucleus-nucleus collision is considered as an ensemble of
individual nucleon-nucleon collisions, the inclusive cross section (9) for particle production
in the A4+ A — i + X process can be written as follo_ws

o k . | Bh
dq far ki /f.(“ij'ir')‘ N(ﬂ flu—;"u.)} LR ENE D"( Yoo (22)

'I‘Im invariaii cross section (22) is proportional to the structure functions f:':‘ f%, and
the fragmentalion function D" - The functions ff (OI.J_) and [ (o0 ky) depend on the
light cone variable o = l..,./p.,. (pe = po £ p.) and the transverse momentum £ . The f¥
and f} take into accouni the nucléon and parion momeéntuny distributions in nucleus and
nucleon, respectively. The formula (22) can be extended to the case in which the clusters
denoted by index N répresent; besides tlic nucleous, QCD bags, fluctous. strangeletts and
so on” The integration over the cluster vanablea o an(l ki is nontrivial In this case and the
concept of parton structure function of nuclei G{a;} is usually introduced [16]. Presence of
wuclear matter affects the fragmentation of secondary partous, as well. The inclusive cross
section (22) depends on the function D 4, ,(z) which reflects the fragmentation process

“of produced parton ¢, The fragmentation is influenced by the character of nuclear medium

formed .in-the moment of the collision. As we have mentioned above the cross section of
hadron inleractions at the parton level to produce the inclusive particle is governed by the
minimal energy of colliding parions o ~'1 fs,:, (2, 22). Therefore, we write the viprossion
(22} in the form

pLe ! GalEimin) - Gty (Eamin) - D 2, (23
JE{F{ ~ m X rmin) - Gy (Famin) - 1 a1, 12{~) (23)
whe WC ¥ g AN g satisfy the condition s(r.,,l,,,, Tmin) T Smin {1 u)

M is easy o slow thatin the infinite momentum frame of colliding ()I)Jv(n the variables
.r, and xy defined by the. [ormula {7) coincide with the expressiohs «y = q+/P14 and
iy == g4 [p24. which are the well known light-cone variables. Theoretically, the best extreme
coudition to qtu(ly the QGP would be in the kinematic regime of Tull cumutation of both
nuclei. The asymptotic reghme is given by x; — Ay and/m o= Aoy = Ay for pod
and for AA collisions, respectively. Higher stage of the Cumulatmn corresponds o the larger
values of the varable z (12).

It is assumed that the fr agmenLdLmn fuuc'lmn Dr A1,A2 depend\ on thv :vlaln’v formation
Iuaglll M/.,,,mr of the pwdm(d particle . Rvally the variable = can be interpreted in
lerms of parton-parton collision with the subsequent formation of a string stretehed by
the leading quark out of which ihe inclusive particle is formed. The minimal ¢ nergy of Lthe
colliding constituénts 9,,{,“ is just the energy of the string whicli connects the lwo objects in
the linal state of the subprocess (2). The off-shell behaviour of the suliprocess corresponds

Lo a scouario in which the string has the maximal possible space-like virtuality, The string -

evolves further, splits into picces decreasing so its virtmality. The resultant munber of
the string pieces is proportional to number or density of the final imdmns measured in
cexperiment. Therefore, we interpret the ratio

&



Vo = VB /(N (0} dy) | (24)
a4 quantity propoitional to the energy of a string piecé /5y, which does not split already,
but during the hadronization converts into the observed hadron. The process of st'ring
- 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 AM 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 finally

V=AM -, (25)

where A car be regarded as the length of t,he elementary strmg peace or more precisely the
ratio of the length to its characteristic (e:g., average or maximal) value.

‘The dimensional properties of the scaling function H(z) ¢ confirm mentioned a.bove One-

can see from Fq (11) that they depend on the dimension of its argument. If we require the
argument z to he dlmenslonless, then H(z) has the dimension of {fm?]. For dimensionless
scaling function. H{z) we find the argument z to have the dimension of {fm!]. From the
transformation properties (16), (18), and from (23}, it follows then

Ha(z) ~Dh(N). B : . (26)

S0, we interpret the variable ' 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 hadironization parameter,

namely as hadronization length. The scaling function H(z) reﬂects local propertles of the
* hadronization process.

3 Z-scaling in pA-collisions

Before analyzing the results on z-scaling in pA collisions we would like to remind of
the resilts concerning the function H(z) for charged hadrons produced in pp(pp)-collisions
at /3 = 53 — 1800 GeV and 6 = 90°. The function H(z) is shown in Figure 1. The
experimental data are taken from [17, 18, 19]. The solid line corresponds to the fit of the
data. Note that the data on inclusive cross sections at 3/5 = 630 GeV cover the kinematic
region of transverse momenta of the secondary particles up to ¢, = 24 GeV/c. The result
demonstrates the universality, the z-scaling, found in hadron-hadron collisions at high
energies. Since the function is well defined for hadron-hadron collisions, it can be used to
ahalyze the hadron-nucleus collisions as well. Study of the z-scaling in pA mtera,ct.lons can
give information regarding 31gna.ls of the quark-gluon pla.sma creation.

We exploit the experimental data [22] on the inclusive 7* and K*-meson product]on in
p+d— h+ X process at incoming momentum p = 400 GeV/c. The dependence of the
invariant cross sections on the transverse momentum ¢y is shown in Fig.2, The data can
be expressed in terms of universal function Hy{2) in dependence on the scaling variable z
as presented in Fig.3. The scaling functions for all types of secondary particles coincide
with each other up to the scaling transformation (19). The scale factors were interpreted

as the ratio of characteristic formation lengths aklt = z"/z”+ of the 1nd1v1dual hadrons.

Results illustrated in Figures 2 and 3 show that the description in terms of z-representation
demonstrates clearly scaling behaviour. The function H{z) for the lightest nucleus - hydro-
gen is universal one. The angular independence of the curve Hy{z) is verified to the extent
the kinematic of the experiment [22] covers different angles of secondary particle produc-
tion. The obtained results confirm #-scaling in pd collisions and reflect fundamental nature
of the partlcle formation mechanism. The ratios of the characteristic (a.verage) formation
lengths a®/™* for the secondary particles produced in the reaction are given in Table 1. One
can see that the relative hadronization length depends on the type of the produced particle.

[able 1. Relative formation lengthé of hadrons produced in pd-collision at the incident
protori momentum p = 400 GeV/c

ah/r"‘ a‘:r"/ar"’ aK+/1r+ aK_f‘rr"‘

relative formation length | 1.06 1.2 1.25

The dependence of the inclusive cross section Ed®s/dq® on the transverse momentum
¢ for the process p- T'i-—» =% 4 X ai the incident proton momenta p = 200,400 GeV/cis
shown in Fig. 4(a). The data are represented in terms of the scalmg HT,(z) as a functlon
of the variable z in Fig. 4(b).

Similar dependencies for the different target - tungsten (A=184) are presented in Figures
5(a) and 5(b). The functions H4(z) for both nuclei manifest the energy jndependence in
-contrast to the behaviour of Edofdg® as a function of ¢,." So far the kinematic of the
experiment {22} covers different angles of secondary particles, the corves Ha(z) in Figures

‘4(b} and_5(b) demonstrate their angular independence as well. -It is important from our

point of view to verify the flavour dependerice of Ha(z) forheavy. nuclei (T3, W).

The obtained results give us strong argument to use z-scaling formalism for the analysis
of experimental data on inclusive cross sections in pA 'interactions_._ We would like to
remember that for NN collisions- z-scaling in the proposed form is valid for the energy
/&> 30 GeV [13]. 1t is reasonable f.o assume that similar restnctlon will be valid in the
proton-nucleus collisions.

The A-dependence of the scaling functions H A(z) for dlfferent nucle1 is presented in F]g
6. The atomic numbers of the nucleus p,d, T and W are 1, 2, 48 and 184, respectively.
All the functions coincide with each other in the range # < 1. The transverse momenta of
the particles produced in this region are relatively small (g, < 3 —4 GeV/c). According
to the result we conclude that the hadronization mechanism in this range is the same for
both pp and pA collisions, The A-dependence of the scaling functions is manifested in the

range z >.1. The values of H j{z) for heavy nuclei T3, W fall steeper than for the proton.

p and deuterium 4. In the range z > 1-ihe functions. Ha(z) decrease with the increasing
atomic number A. The result refiects the influence of nuclear matter on particle formation
process - the decrease of formation length with growth of the atomic mumber in-this -z

region. This corresponds to the idea that the nuclear medium a.ﬂ'ects mostly the particles

whose formation takes place on relatively large scales.
As a result, we have found that the behaviour-of H{z) for proton-proton and Ha(z)

-for proton-nucleus collisions are similar. We assume that the effect of formation length

decreasing is due to influence of hadronic phase of the nuclear matter. The presence of the
nuclear matter in’ this form intensifies the " dressing” of bare parent parton and accelerates
its transformation into the real hadron. On the other hand, if QGP will be created in the
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instant of the collision, this should result in increase of the formation'le_ngths on which the
observed particles are formed: The QGP smelts the *coat” o_f ”dlfessmg” parton apd the
smelting process slows down the particle formation: - e S '

-~ We-have used-the ratio oo s oo e o e

for the study of A-depéndence of the scaling function Ha(2)}. The dependence of the ratio
RA4%(z) on z for nuclei Ti and W is shown in Fig. 7. One can see that the nuclear effect
grows with z for both nuclei. We assume, therefore, that study of A-dependence 3fdthe
hadronization process in the high z-range will be preferable. The values of the RA/4(z)

ratio for TZ(A = 48) and W{A = 183} at z = 3 differ from each other about the order of

magnitude. ) o .

In order to construct the scaling function: H(z) for particle production in pA inter-
actions, it is necéssary to know thé values of the average multiplicity density dV/dn of
(charged) secondaries produced in pA collisions at 7. = 0 as a function of the energy /5.
The strong ‘sensitivity of the z-scaling in. hadron-hadron collision on thfa energy - depen-
"dence of di¥/dn|,—a(s) was found in [13]. At present there are no experimental data on
dN/dn|,—o(s) for pA collisions at high enough energies (/s = 30 GeV). Therefore, we
have used the Monte Carlo code HIJING [23, 24] to. determine.the energy dependence
of the multiplicity densities of Ché.fgéd'particlas for different nucler (ALTi, W, Au). The
atomic numbers of the nuclei change from 27 to 197. The Ttesults of the calculations of
dN/dnl,=o(s) s a function of /s for pA and pp interactions are shown in Figure 8. The
densities of charged particles dN/dp|,=o(s) were averaged over the impact parameters b
{0 < b < 10) in pA collisions and have been parameterized in the form:

A/ dnlyeo(s)0.67-AO1. 40105 o (28)

‘Thie it dN/dnly=o(s) = 0.745%1% for pp or pp collisions has been used in -L?O, 21] The
‘comparison of the multiplicity densiiies for pA- and pp-collisions shoyyfsithat thfe enetgy
dependence for both cases is defermined by the Pomeron trajectory: with A = a(O)‘“‘—
1 7 0.105. Therefore, the systematic investigation of s-dependence of multiplicity density
dN/dnl,=0(3) both for pp, pA, and AA collisions allow us to study the A-dependence of
‘mechanism due to single and multiple Pomeron exchanges: It is very Important from our
point of view to perform the direct measurements of the maltiplicity densities of charged
particles produced in pA collisiens. The results allow us to verify the qute _Ca.rlo code
used as well.. e TR
To study z-scaling in pA interactions, we applied HIJING code tosimulate pAu collisions
at /s = 200 GeV/n. The dependence of the scaling function Hy,(#) on = for wf-mesons
detected at the.angles § = 15%,90°%, and. 165% is shown in Figure 9. 'We foul_lcl that tl'.lf:
function H4,(z) is independent of the angle 8, similar as for pp case [13]. It.méans that in
the kinematic range the code describes the proton-nucleus collision system as an ensemlble
of individual nucleon-nucleon collisions. We would like to emphasize that the simulation
results have been obtained in the relatively low z—range (the transverse momentum ¢y
changes from few hundreds MeV/c up to 1 GeV/c). It is reasonable to expect that the
universality of z-scaling will manifest itself at high energies for secondary momenta.‘la,rger
then, say, ¢, > 0.4 GeV/c. The violation of the scaling according to the presence of mu.:l.ea,r
matter is of our interest at high fransverse momenta (e.g. ¢, > 5 GeV/c). The transition

8

* to parton’phase of nuclear matter in pA collision corresponds to the joining of partons from’

different nucleons ‘of nucleus known as a cumulative process [14. 25, 26]. Such processes
can reveal themselves more prominent in the high momentun tail of the spectrum what
corresponds to the large values of z. The comparison of the obtained results with future
experimental data especially in- this region is desirable. _ :

Finally, we present the simulation results of the pseudorapidity distribution:of the
multiphicity density of charged particles dN/dy for the pAu collisions at c.m.s. energy
Vs = 200 GeV/ao in Fig. 10, The arvows correspond to the angles 8§ = 15° 90°, and
165" of the detected particles (y =-In{1g(#/2}) is the pseudorapidity in the corresponding
NN ems.). The distribution dN/dy as a funclion of 5 has an asymmetric shape. The
nucleus and prolon fragmentation regions are clearly distinguished for 5 < 0 and for 7 >0,
respectively. ‘ :

4 Results and discussion

We would like to describe the qualitative picture of the scenario proposed for various
types of secondary particle production. Generally it is based on the scheme suggested in [13]
for charged pariicle production in pp/pp collisions. We have shown that there is new scaling
in inclusive particle production at. high energies. The scaling function H{(=) is universal
function of the variable 2. The functions for different types of the produced parlivlvs have
the same form. They are connecied by symmetry transformation with parameters g*/*"
The factors a®™ (h = -, NE) can be interpreted as ratio of characteristic (c.g. average or
maximal) formation lengths for various hadrons. The knowledge of Lhe relative formation
length a/™ of the observed particle allows us to restore the corresponding sealing function.

The value of the variable » depends also on' the factor AM, which we interprel as a
quantity proportional to the tension of the formed string. Let us look nearer 1o (his aspect
of our construction. Particles are produced 1o two kinemalical regions: one characterized
with high transverse momenta g, which at high energies correspond Lo low a1, < 0.1 and
another one. with extremely high longitudinal momenta gy which gives sy (.ey) - 1. aud
2y 4y o1 The first regi'on is the central region of sccondary patticle production and the
second one is the {ragmentation region of one of the incoming objects. The dependence of
xi and &3 on the secondary particle momenta ¢ is Hlustrated in Figure {a-c).” Figures
1 {a,b) and 11(c) show clear difference between w2, and @z in the lragmentation region ‘of
the incoming proton M, (a) or nuclteus M, (b) and the central vegion (¢). The kinematic
range 0 < &y, @ <1 is not forbidden for free nucleon-nucleon interaction. It s assumed
that nueleon-nuclens and nucleus-nucleus collisions with secondary production merely with
such kinematics are ordinary nucleon-nucleon interactions modified by nuclear matier in
its hadronic phase. On the other hand, the kinematic regions iy, > 1 and rp > Ly, > |
accessible in pA andfor AA collisions are of special interest, for searching the parton phase
of nuclear matter. The features of particle production in presence:of QGP should be
manifested most prominent just here.

The: string: tension in the central region is higher than in the fragmentation one. It
corresponds to our ideas ahout the hadrenization process in which the produced bare quark
dresses itself dragging out some malter (sca g pairs, gluons) from the vacuum forming so
a string. The string connects the leading. quark of the hadron my with the virtual ohject
with the offective mass (e, My + 0o M, + ay). The momentun ol this ebject compensatos



the -high momentum of the inclusive particle rny. 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 guark to the vacuum in the
central region than those in the fragmentation one. For the slowly moving quark it is more
casy 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. S : . . ‘

In presenied scenario, we focus our, study to the regime of local parton interactions
of incident hadrons and -nuclei at high energies and for secondary particle momenta ¢ >
0.4 GeV/c. In this regime parton distribution functions of incoming objects are separated
and, therefore, the scaling function H(z) describes the fragmentation process of produced
partons into the observable hadrons. The nuclear matter influences the fragmentation and
can intensify the process of dressing of bare quark due to high density of the matter. There

are two sources to obtain the mass for construction of hadron. One is the QUD vacuum of

quark-antiquark pairs and gluons, an other - the muclear field of the nuclei. The latter is due
to meson (7, p,w) fields. It is assumed that the dragging out of the mass from the nuclear
field is more easy than from vacuum. Therefore the hadronization length in the hadronic
_ phase of the nuclear matter should deciease. As mentioned above, the hadronization of a

hare parton with the absence the QGP phase in the pA collision should be more. intensive -
than in the elementary pp collision. The process of dragging out some matter from vacuum’

or nuclear field in the hadronic phase is not dynamically balanced. The number of partons
forming the "coat” of leading quark is more larger than number of partons destroying it.
Therefore the resultant balance between incoming and outgoing partons should enhanced
the hadronization process. The consequence of this is the decrease of the hadronization
length. Our result on decreasing of the hadronization length for 7 meson production in
the pA collision in comparison with the pp collision supports partially this statement. '

“We consider that the influence of nuclear medium for particle production in pA collisions

with__thé forma_tibﬂ of the parton (QGP) phase will be qualitatively different. The space-
time evolution of the hadronization will be more complicated here. The dynamical balance

hetween number of incoming and outgoing partons forming the mass of hadron will be

conserved. Therefore the melt of the hadron "coat” will increase the hadronization length.

As a result the enhance of the scaling function Ha(z) for the pA collisions in comparison
with the pp collisions may be observed. Such an increase can be considered as a signal of
QGP formation in production of particles with high transverse momenta g,. To verify the
statement the measurement of particle production in ‘the high ¢, kinematic range in the
pA collisions at high energies is necessary. S ' '

5 Conclusions -

The inclusive ‘particle production in-pA collisions at high energies as well as the new
scaling, z-scaling, are considered. The scaling function H,(z) is expressed via two ob-
servables  the invariant, inclusive cross section Ed%e/d¢® for the process p+ A—-h+X
and the multiplicity density dN/dn(s) of particle production: at pseudorapidity n = 0 in
the corresponding nucleon-nucleon center-of-mass system. Results of analysis based on

" available experimental data give us arguments that the z-scaling is valid for pA and pp
collisions as well. The scaling function H4(z) for the chosen nucleus (d, Ti, W) is indepen-
dent of energy /3 and angle 8 in the: considered kinematic region of particle production.
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The A-dependence of scaling function Ha(z) is investigated. It is found that the nuclear
matter inkensifies the hadronization process decreasing the hadronization length. The ob-
tained results give the strong arguments that the z-scaling can be used to study transition
regime from hadron to quark-gluon matter in both hadron-nucleus and nucleus-nucleus col-
Hsions. We assume that the effect of quark-gluon plasma is the increase of produced particle
hadronization length. It is proposed to study the effect in the kinematic ranges 2 > 1 and
#1,%3 > 1 for the pA and AA collisions, respectively. The observed A-dependence of the
z-scaling function H4(z) in the case of hadron-nucleus collisions we interpret in the way
that the available energy is not sufficient to create quark-gluon plasma in the considered '
experiments [22]. : ,

We conclude that the z-scaling in pA and AA collisions reflects the general properties
of parton-parton interaction in the muclear matter and can be effective tool to search
the signal of the formation and to study the space-time evolution of quark-gluon plasma.
The experimental verification of the hypothesis on enhancemient of the function H(z) for
particle production in high py-range in pA and AA in comparison with pp interactions
at high energy (/3 > 30 GeV) will be possible in fulure experiments planed at RHIC
(BNL) and LHC (CERN). S ’ )
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Appendix

In the Appendix we present the results of calculation of the functions hy and k. Starting
from the approximate expression (9) for the invariant cross section Ed¢/dg®, we define
the functions h; and hy as ’ -

ha(1, 22) = 4(dNV(0) ) (M +MJ§7§* .
2
bafes,22) = AN (@) dn) (O + Mo 5725 o (42)
The equation (9) we rewrite.in the form
&o L dip(2) ¥z o iay
d@ am(M; + My)? - (dN(0)fdn)? (G Mlenm) + =2 hZ(“‘l?“’”))' (A43)

If the scaling variable z is determined by

2= /5/(AM - AN(Q)jdn), AM = My + My—my—my = 2, My —2,Ma,  (44)

the direct calculation 0f biand by for My =M =M gives the result
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b = {s2122[6% — (21 — 2)*] -+ 2M? (21 — :c-é)z[é(é -z — Zg) + 4y )

M (o~ (B8 - s~ Bma) +dagmal} FT (45)

he = {s2122[6" — (21 — 22)® -+ dyg) + 2MP{(6 - 2, — za)[(xd 4 x%)(tl} ) — 2x1 298]

A 8amp(er — w2)) - 8MAST (2 — 2a)1) L P o (48)

where F = [21228 + (1 —x3)*M?)(§— 21 —z3)*/4 and 6 = 2 (my -+ mp) /M, s = (P + P,)2.
In the case of ‘different masses of the incoming objects M; # M, these expressions become
t00- clumsy and ‘we present them therefore in_an, approximate form here. This can be

“oblained by wmtmg for z the expression (A4) with /55 ~ /Z1%35. Consequently, we get
the relations

h, _ A2 - .'L'gfj + 4$1$2M1M2/(M1 ;{.M2)2.
1=

A? — g2+ 8w oy My My /(M + Mz)

hy = ,
' A —zegg)t .

(A8)

where A = 1 — (mq + mg)/(M; + M) and 2opp = (21My + 22My) /My + My).
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Figure 9. Simulation results of scaling function H au(2) for wF-meson production in
pAu interactions at /s = 200 GeV/n and for 8 = 15°,90°, and 165%.
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