


1 Introduction

A search for general properties of quark and gluon interactions beyond Quantum
Chromodynamics (QCD} in hadron-hadron, hadron-nucieus and nucleus-nucleus colli-
sions is one of the main goals of high energy particle and relativistic puclear physics.
A high colliding energy allows us to study hadron-hadron collisions in the framework
of perturbative QCD {1].

At present systematic investigations of prompt photon production at a colliding
energy up to /3 = 1800 GeV arc performed at Tevatron by the CDF [2] and DO {3]
Collaborations. A high energy of colliding hadrons and a high transverse momentum
of produced photons guarantee that QCD can be used to describe the interaction of
hadron constituents.

Prompt photon production is one among very few signals which can provide direct
information on the partonic phase of interaction. 'Penetrating probes’, photons and
dilepton pairs are traditionally considered to be one of the best probes for quark-
gluon plasma (QGP) (4}. Direct photons do not feel strong forces, they provide both
an undisturbed picture of the collision at very short times and a comparison sample
for understanding the interaction between quarks and gluons and the surrounding
nuclear matter.

It is considered that the fragmentation of partons into hadrons might be one of
the least understandable features of QCD {5]. Even though the primary scattering
process is described in term of perturbative QCD, the hadronization chain contains
very low g:-hadrons, respective to the parent parton. Therefore, the whole process is
clearly a non-perturbative phenomencn jnvolving final state interactions which have to
conserve colour and baryon number. In contrast to the foregoing, it is often assumed
that the direct photon production probes the parton-parton intéraction without the
ambiguities associated with jet identification, fragmentation and encrpy measurement.
It is considered that there is a possibility to identify the process which is well
understood from the theoretical point of view and in which the gluon centribution
can be determined. In pp collisions ab high energies, the dominant mode of direct
photon production is through the process of Compton scattering (gg — 7). The
cross section is thus sensitive to the gluon distribution at low momentum fraction z.

A search for general properties of prompt photon production in hadron-hadren
collisions is of great interest, especially in connection with commissioning such large
accelerators of muclei as RHIC [6, 7] at Brookhaven and LHC [8) at CERN: The
main physical goal of investigations on these colliders is to search .for guark-gluon
plasma, the hot and superdense phase of nuclear matter. Therefore, the features of
direct photon production observed in hadron-hadron interactions allow us to extract
nuclear effects and to study the influence of nuclear matter on the mechanism of
photon formation in pA and AA collisions. A comparison of the cross sections
of direct photons produced in hadron-hadron, hadron-pucleus and nucleus-nucleus
interactions both in central and non-central rapidity regions allows us to understand
in detail underlying physical phenomena due to the presence of nuclear matter. It is
considered that nuclear matter can transit {from a usual hadronic phase to an exotic
state, named partonic phase or QGP.

However, the direct photon production in the partonic phase of hadron-hadron in-
teractions cap differ from that in the hadronic phase. The process is connected with



the space-time evolution of a primary (point-like) photon. During the evolution, the
primary photon interacts with vacuum and nuclear fields through g¢f-pair fluctuations
and forms a "coat”. The process of bare photon *dressing” is photon hadronization.
Photon hadronization is the process forming the hadronic (non-perturbative) compo-
nent of the photon structure function. The cxdstence of the hadronic component of
the photon is established in the investigations of deep-inelastic electron-proton scat-
tering with jet production at HERA [9]. It is possible that the photon hadronization
has features which difier from the particle hadronization but they might have general
features, t00.

We consider the direct photon production based on the concept of z-scaling. Fhe
hypothesis of tbe zscaling of prompt photon production in pp collisions has been
suggested in [10] and studied in [11]. Based on the physics sense of the scaling
function H(z) and the variable z, we can study a fundamental process - photon
hadronization and hadron content of the photon in different processes, for example,
in pp and pp coliisions. The function H (z) describes the probability to form the
hadronic component of the photon with formation length z and, consequently, the
space-time evolution of the process.

In this paper, we use the formalism of z-scaling [12] for the description of direct
photon production in pp and pp collisions at high energies. The paper is organized
as follows. The scaling is based on such fundamental principlcs of nature as self-
similarity, locality, scale-relativity, fractality, and scale-relativity. First, one reflects
the dropping of certain dimensjonal quantities or parameters out of the physical pic-
ture of interactions. Second, one concludes that the momentum-cnergy conservation
law is locally valid for interacting constituemts. Third, the fractality principle says
that both the structure of interacting particle and its formation roechanism are self-
similar in a kinematic range. Fourth, the scale relativity principle states that the
structures of interactions and interacting objects reveal self-similarity and fractality
on any scale {13, 14].

It has been found [12] that the scaling function H (z) is expressed via two exper-
imental observables, inclusive cross section Edds/dg® and the nwitiplicity density of
charged particles dN/dnly=o = p(s). The function H(z) is found to be independent
of center-of-mass energy /5 and the angle of produced particle §. The symmetry
properties of H(z) allow us to connect the scaling functions for different particles
{n*, K*). The transformation parameter "/~ is interpreted as a relative formation
length. The scaling function H(z) describes the probability to form the hadron with
formation length z. The universality of H (z) means that the hadronization mecha-
nism of particie production is of universa! nature. So, the function is well defined
in hadron-hadron collisions, and therefore it can be used to study the feature of
prompt photon production as well as hadrons.

The z-scaling of direct photon production in pp and Pp coliisions at high energies
is studied in this paper. The general concept of z-scaling is described in Section 2.
Such fundamental principles as sel-similarity, locality, scale-refativity and fractality
are used to construct the scaling function H(z). The properties of the function H(z),
as well as epergy and angular independence, are verified. The results of our analysis
of the available experimental data and their comparison with usual data presentation
of the data are given in Section 3. The available experimental data for direct photon
production are shown to confirm both the emergy and angular scaling of H(z) over a

wide range of /5 and #,. The obtained results and their interpretation are disc.ussed
in Section 4. Based on the physical meaning of the function H{z) as a probability 1o
formn the photon with formation length, the conclusion is drawn that H (:).describcs
the space-thne evolution of the photon hadronic component. The universality _01’ the
scaling function H(z) is used to predict the cross secrions of phaoton prod'.f'cr.:on &t
RHIC, LHC and VLHC cnergies. Some conciusions are summarized in Section 3.

9 QGeneral concept of z-scaling
Letr us consider the inclusive process

AJ;‘PA{-_}—'IH]-!'X. (1}

where M, and M, are the masses of colliding hadrons and i, 1w the mass of
produced inclusive particle.  In accordance with Stavinsky’s ideas [15], the gross
features of the inclusive particle distributions for reaction {1) at high energies can
be described in termns of the corresponding, kinematic characteristies of the exclusive

parton subprocess

(e M0) + (M) — my o+ (1 My + 22My + 2} 12)

The parameter mq is & minimum mass introduced i conneerion with internal cou-
servation laws (for isospin, baryon number and strangeness). The x, and xz are the
scale-invariant fractions of the incoming s-momenta P, and P of colliding objects

o (Paq) + Manrg - (g} + My (3)
TRy = MMyt (PP~ MM

The secondary particle carries away nomentum 4. The centre-of-mass encrgy of
subprocess (1) is defined as

$=2%- M+ ad- M4 20 - (1) (4)

and represents the encrgy of colliding constituents necessary for the production of the
inclusive particle. The cross section of the inclusive particle produetion in hadron-
hadron interactions in she framework of the parton model is governed by the ummni-
mum energy of colliding constituents

o ~ 1/$munli2). T2)- (5)

The fractions @, aml £ which correspond to the nuniniom vadhue of (2) were found
in {12] under an additional constraine

aAq(.T-] . Iz) =0 6.&,,(.’[). .?'-3) = 0. ' (b}
8.'5. ’ 0.1‘3
where A {zy,T2) is given by the cquation
(1, Py + 23 — ) = (0 M) + My + ) + Al 1) (7)



So, the fractions z; and r, minimize the value of A,, simuktancously fulfilling the
symmetry requirement of the problemn, ie. z, = z; for the inclusive particle detected
at 90° in the corresponding NN centre-of-mass system.

In accordance with the self-semilarity principle, we search for the solution

Y = ), (8)

dz
where ¢(z) has to be a scaling function, and we choose the variable z as a physically
meaningful variable which could reflect self-siinilarity as a general pattern of hadron
production. As shown in (12, 14, the choice of # in the form

2%

= MO ®

allows us to obtain a universal description of the spectra of particles (h = h* 7%,
K*.p~) produced in pp and pp collisions at high energies over a high transverse
momentum range. The coefiicient (@ is considered to describe the tension of & string
stretched by partons. The dynamic quantity p{s) represents the average multiplicity
density of charged particles produced in the central region of collisions at a given
energy /5. The coefficient £ depending on z; and z2 is introduced vo take into ac-
count various degrees of "softness” of the subprocesses underlying secondary particle
production. The factor for particle production in the central rapidity range, can be
wrigten as

Q=11-x)1-N (10}
Here, the coefficients A; and A, are expressed via the fractions z) and x2 as follows

A.=a:;+\:r;-:cvil_—xl}, )\2=-’Uz+\1'1'$2"1—:'{%- (11)
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The invariant differential cross section for the production of inclusive particle m,
depends on two variables, g and ¢, through z = z{x,, 2.} and z)2 = Ty2(gs,q) in
the following way:

o 1 [dyfz) 0z Oz &z
o = - ey —— Lz .
dg® s [ dz Oz, Ox, + ¥ }3113:172] (12)
Using (9), (12}, we can obtain the expression
&a 1 dy(z) ¥(z)
et {
a7 1677,0(.9)2!‘.42{ dz h]\Il:$2)+ o hz(xhv'fz)]- (13)
The functions hy and hp are proportional to the partial derivatives
8z & 0%z
hy £ (14)
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and h, = hy in a high energy region {v/s > 30 GeV). Therefore, the scaling function
H(z) is defined by the equation

H(z) = —Tflj; [d—%? + %El] : (15)

Using (13) and (15), we obtain the relation

_ (M, + -Mz)zﬂz(s} _Efijf_

4}?-] dq3 (16)

H(z)
conneeting the inclusive differential cross section and multiplicity density p(s) with
the scaling function H(z).

The propertics of the scaling functions ¢(z) and H (z)} under scale transformations
of their argument z can be written in the following form:
Z
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Calculating H(z) for the p+p— v+ X and P+p — 7+ X processes, we assume
that m, = m, = 0. The fit of the experimental data 1o the nwltiplicity density of
charged particies in the form p(s) = 0.74s%*%° 16, 17] is uscd.

2.1 Features of Photon Hadronization

Now we would like to discuss a qualitative picture of direct photon production.
There is a similar picture for hadron production. The variable z is interpreted in
terms of parton-parton coilision with the subsequent formation of a string stretched
by the leading quark of which the inclusive particle is formed {12}. The minimum
energy of colliding constituents si,ﬁ is just the energy of the string which con-
nects the two objects in the final state of subprocess {2) wherc the string has the
maximum space-like virtuality. Further the string evolved splits into pieces thus de-
creasing its virtuality. The resultant number of string picces is proportional to the
number/density of final hadrons measured in the experiment. Therefore, the ratio

VB = V3/l(s) ) (18)

is interpreted as a quantity proportional to the energy of a string piece /S, which
is not split yet but converts into the observed hadron during the hadronization,

For direct photon production in pp collisions, the dominant process is Compton
scattering, gg — ¥g. At the first moment after its emission by gquark, the photon
is a point-like massless particle. The future evolution of the photon is governed
by the quantum field dynamics. The process is known as the renormalization of
the photon wave function. Really, the process corresponds to the formation of the
hadron content of the photon. Some part of the process can be described in the
framework of perturbative QCD, and the other one requires including nonperturbative
effects. Both mechanisms of photon formation are experimentally studied (the first
one, photon remnant of jet production in deep inelastic scattering and the second
one, particle production in the framework of the vector dominant mechanism.)

>



The factor 1 is interpreved in 12, 14 as a guantity proportional to the tension
of & string stretched between partons in a binary parten-parton collision. The value
of 31 depends on the kinematical variables @ and the parametcr 4. This parameter
reflects a dynamic pature of ihe string and should reflect its fractal structure. There
is an intermal temsion in such a string.  Splitting the string leads to sharing the
string energy among two parss. One of them represents the masses of the remuanis
and che other oue their mutual kinetic energv. Fractal dimension § reflects directly
he sharing amount. The value of the fractal dimension for direct photon production
s found to be 2.

In the framewcrk of the proposed scenario, the variable z

z~ /0 (19}

is considered to be proportional to the energy per one average parton-parton collision.
In such an average collision, the string is converted into the final state having
formation length z. Therefore, the scaling function should be proportional to the
fragmentation function of the photon

H{z) ~ D3{z). {20)

So, in this picture we interpret the variable z as a hadronization length. The
scaling function H(z) reflects local properties of the hadromizatior process.

3 Z-scaling and Direct Photon Production

Before the resalts on direat photon production in pp and Pp collisions are analysed
we would like %o remind of the results on the r-scaling for charged hadrons produced
i hadron-hadron collisions at /5 ~= 53 — 1800 GeV and & = 90°.

Figure 1(z) shows the dependence of the cross section on momentumn ¢, for
different vawes of energy /5. The experimental data are taken from {18, 19, 20, 21).
Note that the data on the inclusive cross seciion cover the kinematic region of the
wransverse momeniwn of secondary particles up o g = 10 GeV/e. The absolute
values of the cross section change by a few orders with increasing V& at high g,
The scaling function H(z) for the processes at the same energy V'3 is shown in
Figure 1(b). One can see that the obtained resuits demonstrate the universality -
the H(z} independence of colliding energy wver a wide momentum range of produced
particles. * Since the scaling function is well defined for particle production in
hadron-hadron coilisions, it is reasonzble 10 use the concept of z-scaling for the
analysis of direcu photon production, too.

3.1 Energy Independence of H(z)

The hypothesis of energy scaling prediets that the direct photon production cross
section will be independent of cemer-of-mass energy /5. We verify the hypothesis

*The points for F(z) at /5 =11 GV are obtained at a multiplicity density of 1.2p(s). Author
is grateful to LZborovsky for discussion of the problem.
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Figure 1. (a) Inclusive cross section of charged particle productiog in pp and P
collisions at different center-of-mnass energies /3 and at angle 8 = 90% as a function
of transverse momentum g¢y. Experimental data are taken from [18, 19, 20, 21]. (b)

The corresponding scaling function H({z).



7oz divect phaton production in pp and Jp collisions using the available experimenval
data.

Figure 2(a) presents the dependence of the cross section of the pép — 4 = X
arecess on photon momentum o 4t 5 = 23.63 GeV and a produced angle ¢
af G0 The experimenzal data on the cross section obtained by the codaborations
Wa70i22), R806(23), R807124), R108[251, R1i0:26] are used. The data demonstrate
the dependence of the cross section on colliding energy. Figure 2{b) shows the z.
presemration in comparison with the g_-presenrevion of the same dara. Taking mto
aceount the experimental errors, we can conclude that the wealing function H{z2) of
~-direct production in pp collisions demonstrates an energy independence

Similar resulis are obtained for the H+p — ~ + X process. Figure 3{a) sbows
ihe dependence of the cross section on momesstum g for photon produetion in fip
colissions at SppS and Tevatron energies /s = 546.630 and 1800 Gel” and a pro-
duced angle @ of 90° The experimental data on the inclusive cross section obradned
at SppS and Tevatron by the UA127], UAZ23: and DOP;. CDF[2) collaborasions,
respectively, are used. The scaling function H{:) corrcsponding to the same data is
shown in Figures 3(b).

Figure 4 shews the ¢o- and 2-presentations of the data on direct photon produc-
tivn obtained by the CDF{2! coilaboration at /s = 630 and 1800 GeV.

Thus, based on the obtained results, we can conclude that the energy scaling, the
independence of the funcrion H(z) of direct photon production of colliding energy,
is really observed both in pp and Pp collisions.

Taking iuto account the physical interprezation of H{z) as the function describ-
ing the hadronization process, we can conclude thay the jormation of the hadronic
cornpenent of the photon is a universal process. We would like to cmphasize that
at /& = 1800 GeV (see Figure 4} the value of H(z}, which is proportional 1o the
nrobability to find the photon with fixed hadronization length 2, changes by more
thanr ¢ orders when the hadronization length itself changes from & to 80 and the
transverse momentum ¢y, of the photon changes from 10 1o 120 GeV/e. The fact
reflects the space-time evoiution of the hadronic component formation of the photon.

3.2 Angular Independence of H{(z)

Now, we would like to verify the angular scaling of direct photon production in
Pp collisions. The angular scaling means that the function H(z) is independent of
the angle & of the produced photon.

Figure 5(a) shows the dependence of the cross section of the P+p — v+ X
process on the transverse momentum of the photon at /s = 546 and 630 GeV for
different rapidity intervals: || = 0.0 - 0.8,0.8 - 1.6,1.6 — 3.0. The experimental data
‘27) obtained by the UAL collaboration were used. Figure 5(b) shows H(z) as a
function of variable z obtained for the same data.

Figures 6{a) and 6{b) demonstrare the ¢,- and z-presentation of the direct photon
production data [28] obtained by the UA2 collaboration.

Thus, we have found thas the function H{z} at SppS energies is independent of
the angle & of the produced photon.

The argular independence of the scaling function is found at a Tevatron energy,
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Figure 2. (a) Dependence of the inclusive cross section of direct photon produc-
tion in pp collisions on g, at energy /s = 23,63 GeV and pseudorapidity n = 0.
Experimental data on the cross section o - WA70[22), » - R806[23], o - R807{24}, A
- R108[25), O - R110[26} are used. (b) The corresponding scaling function H(2).
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Figure 4. Dependence of the inclusive cross section of direct. photon production
in Pp collisions on g, vs energy /8 at pseudorapidity 7 = 0. Experimental «data on
the cross section obtained by the CDF collaboration - &, 4 [2] at /s = 1300 Gl
and - o [17] at /=630 GeV are used.
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Figure 6. (a) Dependence of. the inclusive cross section of direct photon pro-
duction in Pp collisions on momentum ¢y for different pseudorapidity intervals av
energy /s = 630 GeV. Experimental data on the cross section obtained by the UA2
collaboration [28] are used. (b) The corresponding scaling function H (z).

Figure 5. (a) Dependence of the inclusive cross section of direct photon produc-
tion in Pp collisions on momentum ¢, for different pseudorapidity intervals at energy
/& = 546,630 GeV. Experimental data on the cross section obtained by the UAl
collaboration [27] are used. {b) The corresponding scaling function H(z).
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t00. The DO collaboration has carried out the measurements {3] of the inclusive cross
section of direct photon production at /3 = 1800 GeV' and two rapidity intervals
gl = 0.0 — 0.9,1.6 — 2.5. Figure 7, presenting the dependence of the Ed%r/d¢®
cross section and scaling function H(z) on transverse moOmMEntum ¢ and variable z,
respectively, confirms the conclusion.

3.3 Symmetry and Fractality Properties of H{z)

Here, we would like to study the symmetry property of the scaling function H(z)
for direct photon production in pp and fip collisions. According w0 the general
properties of H(z) found for particle production, the scaling function changes under
the scale transformation z — a~’z as follows H(z) — a ?H(e™’z). The property
allows us to comnect the scaling functions for particles of different fiavour content
and argue the universality of the hadronization mechanism for different produced
particles.

Figure 8 presents the scaling function H({z) of direct photon production in fp
and pp collisions. The solid and dashed lines are the fits of the experimental data
[3, 2, 17, 27, 28] and [22, 23, 24, 25, 26] for fp and pp collisions, respectively. One
can see from Figure 8 that both data sets demonstrates lnear dependence of H(z)
on z in log-log scale. This means, from our point of view, that the hadronization of
the photon reveals a similar fractal behaviour H(z) ~ 27 in these processes. Here, o
is the fractal dimension of photon hadronization. The values of the slope parameter
is found to be different ones for pp and fip collisions: oy, > az. We would like to
give here a gualitative explanation of the result. Direct photons are mainly produced
in pp and Pp collisions through the Compton and annihilation processes, respectively.
In the first and second cases, the cross section is proportional to G(z))- gv(z.) and
to gviz,) - qv{z2), respectively. The suppression of the gluon distribution G(x;) in
the proton in compsarison to the valence distribution gv(z)) in the antiproton leads
to the relation HZ > HIP.

Thus, the obtained results give us some arguments o assume that the z-scaling
of direct photon production in pp and Pp collisions should be observed at an energy
beyond ISR and Tevatron ones. Based on the universality of the scaling function
H(z) for pp (Figure 9a) and pp (Figure 9b) collisions, we predict the dependence
of the ~y-direct cross section on the momentum of produced photon at RHIC and
Tevatron energies, /5 = 500 and 2000 GeV, for different values of pseudorapidity,
7=0,1,2 and 0,3,4, respectively.

Figure 30 shows the predictions of the g, -dependence of the cross section of the
p4+p— y+X process at an angle ¢ of 90° for ISR, RHIC, LHC and VLHC energies.
One can see that results obtained at /8 = 23 and 63 GeV and shown by solid lines
are in a good agreement with the experimental data {22, 24].

A further experimental verification of the energy and angular scaling of H(z)
is of great interest to search for new phenomena at a higher colliding energy and
transverse momentum of produced photons. The violation of the z-scaling of direct
photor production can be a signature of physics phenomena beyond the Standard
Model.
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4 Results and Discussion

Here, we would ke to describe a qualitative picture of the proposed scenario
for prompt photon production. In general, jt is based on the scenario proposed in
i12, 14] for particle production in pp and Pp collisions. We would like to renund of
the main features of the z-scaling. The scaling function H{z) and scaling variable
- are exprossed via experimental observables. The H (=} is a universal function of
the variable z. The scaling funcsions for different rvpes of particies arc connected
by symmetry transformation with parameter " . The factor o7 (h = 27 . K'*)
represents the ratio of formation lengths for various hadrons. The knowledge of a
relative formation jength o= of any particle (h) and scaling funciion for 7%-1neson
allows us to restore the scaling fonetion for every h. In this sense, we can say
that the scaling function is the same for different types of produced particles. The
property is named the flavour independence of H{z).

Our results support in general the properties of the z-scaling for direct photon
producsion in pp and Pp collisions at a high energy. However, there arc some
differences. Based on available experimental dasa, we establish thar H(z) is an
energy and angular independener over a wide range of Vs and #. The z-dependence
of H{z) reveals a power behaviour, with the differem value of slope paramerter, for
direct. photon production in pp and fip collisions. Jo was determined that oy, > g
Note also that the form of the scaling functions for direct and indirees (via hadron
decay) photen production [12, 14] differs from one another. It is due o different
mechanisms of photon formation.

The value of the variable z depends on the factor 2. which we interpret as a
quantity proportional to the tensjon of the formed string which is the ancestor of
the produced photon.

We consider two kinematical regions: one is characterized by high wrapsverse
momenta g which correspond to low r, < 0.1 ar high energies and another by
extremely high longitudinal momenta ¢ which give x,(z2) — 1 and 1y + @2 = 1. The
first region is the central region of secondary particle production and the sccond
one js the fragmentation region of one of the incoming particles. The dependence
of x, and @ on the momentum of produced photon ¢ is illustrated in Figure
11(a,b). The points correspond to DO (3] and UAL [27] kinematics, respectively.
Figure 11(a) shows a clear difference between 7, and 2 in the fragmentation region
of the incoming hadron AM; {#, = 15Y) and in the central fragmentation region
M, (6, = 90°). Similar results for the dependence of x; and a2 on g for UAlL
[27] kinematics are shown in Figure 11(b). The iutervals of x,,:r; and g for the
central and fragmentation ranges of UAL kinematics wre 1, = 2.69-107% - 1.43- 107",
g=17-190 (GeV/c) and z, = 2.61-107 — 5.85-107", o = 2.62. 107 - 5,89 - 107,
¢ = 83 — 186 (GeV/c), respectively. The intervals of z;,2; and ¢ for the central
and fragmentation ranges of DO kinematics are xy = 5.56 - 107 - 6.06-107¢, ¢ =
10 — 109 (GeV/c) and ) = 4.32-107% — 457 - 107, 1z = T.15- 1071 - 753 107,
g = 39.5 ~ 418. (GeV/c), respectively.

The string tension in the central region is higher vhan i the fragmentation one,
Q~ (1= X)(1 = A2)]% Tt corresponds to the ideas [12] of the hadronization provess
in which the produced bare quark (quark forming the hadronic component of the
photon wave function) dresses itself dragging out some matter (sea ¢§ pairs, gluons)
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of the vacuum forming such a string. The string connects the leading quark {quarks)
of the hadronic component of the photon with the virtual object with effective mass
(M) 4 r2Ma). The momentum of this object compensates a high momentum of
the produced photon. The photon "dressing” in the central region is more intensive
than zhat in the fragmentation region. In our opinion, it can be connected with
the substantially lower relative velocities of the partons of the photon "coat” relative
to the vacuum in the central region than those in the fragmentation one. It s
easicr to obtain an additional mass for a slowly moving quark. Such a quark is
strongly decelerated with the string which has a high tension. Consequently, the
hadronic component of the photon generated from this quark is formed aiong 2
smaller formation length.

We study the regime of local parton interactions of incident hadroms at high
energies (/3 > 20 GeV') and transverse momenta of the secondary direct photon
(= > 4. GeV/e). In this regime, the quark distribution functions of incoming
hadrons are separated, and therefore the scaling function H{z} describes directly the
universality of the fragmentation process of secondary partens into observable dirccr
photons. Nevertheless, the boundary condition and fractal dimension are essential for
photon formation. One can see from Figure 8 that HP(z} > HI®(z} and 0pp > O

5 Conclusions

The inclusive prompt photon production in pp and Pp coliisions at high energics
has been considered. The function H(z) describing the new scaling, z-scaling, of
photon production was used to verify the energy and angular independence of direct
photon production in the processes. A general concept of the z-scaling based on
fundamental principles: self-similarity, locality, scale-relazivity and fractality, is de-
scribed. The function H{(z) is expressed via experimental observables - the inclusive
cross section of produced photons and the multiplicity density of charged particles.
The results of our analysis based on the available experimental Jata obtained at
ISR, SppS and Tevatron give us some arguments to conclude that the z-scaling of
prompt photon production in pp and Tp collisions at high energies and over a high
g, range is observed. The found energy and angular scaling of H(z) is interpreted as
the universality of the photon hadronization mechanism. The function H(z) is pro-
portional to the probability to form the hadromic component of the real photon with
formation length z. The scaling function H(z) refiecis general properties of photon
formation and demonstrates power behaviour, H{z) ~ z~*, for both p+p — v+ X
and §+p — v+ X processes with different values of the coefficient @. It was de-
termined that ay, > og. DBased on obtained results we conclude that the power
behaviour of H(z) reflects the fractal property of photon formation.

We consider that the z-scaling can be an excellent “instrument” in searching for
new phenomena both in hadron-hadron, hadron-nucleus and nucleus-nucleus interac-
tions. Direct photon production in these processes is one of the best reactions to
study the mechanism of photon hadronization and the hsdron content of the photon.

A more detailed experimental study of the z-scaling of direct photon production,
in particular z-scaling violation over a high g, range, in pp and fip coilisions at high
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energies will be possible in future experiments planned to perform at RHIC (BNL},
Tevatron (Fermilab), HERA (DESY)} and LHC (CERN).
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