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Abstract: Experimental data on inclusive charged particle spectra in p+A collisions are analyzed in the framework of z-scaling. The data on cross sections were taken by groups of G.Leksin at FNAL (Batavia), L.Zolin
and V.Gapienko at IHEP (Protvino) with nuclear targets from beryllium up to tungsten. Spectra cover a special kinematics known as a cumulative region. Cumulative particles can be only produced in nuclear
collisions. Their production is assumed to be sensitive to the state of the nuclear matter formed at the extreme conditions. Theory of z-scaling iIs developed for analysis of the cumulative processes and search for phase
transition effects. The concept of z-scaling is based on principles of self-similarity, locality and fractality of constituent interactions at small scales. The momentum spectrum of the inclusive particle is recalculated to
scaling function ¥ (z) which depends on self-similarly parameter z. A microscopic scenario of p+A interactions in terms of momentum fractions x,, X, iIs discussed. Results of the analysis are compared with the
noncumulative data on high-p+ hadron production in p+A collisions obtained by J.Cronin, R.Sulyaev and D.Jaffe groups. Universality of the shape of function W(z) is used to predict inclusive cross sections of particles
produced in the deep-cumulative region.

Phase diagram of strongly interacting matter
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To try and answer that questions we suggest to use concept of z-scaling. It is expressed via the ratio of the the constituents can be singled out of this Here, Ed3c/dp? is the invariant cross section,
It was designed at JINR by M. Tokarev, Yu. Panebratsev, I. Zborovsky transverse energy s, released in the process. It represents a relative number of all dN/dn (s,n)$ is the multiplicity density as a function
and others. z-scaling reveals self-similar properties in hadron, jet and binary collision of constituents and Initial configurations containing the constituents of center-of-mass collision energy squared s and
direct photon production in high energy pp & pp-bar collisions. the average multiplicity density which carry fractions x, and x, of the incoming pseudorapidity 1, G;, is the inelastic cross section,
Phys.Rev.D75,094008 (2007) dN/dn at n=0 and nucleon mass m. momenta. J is the corresponding Jacobian. Factor J is known
function of the kinematic variables, momenta and
| : 0,, 0, are parameters of the theory characterizing masses of the colliding and produced particles.
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z Experiment performed by G.Leksin group: N.A. Nikiforov et al., Phys.Rev.C22 (1980)700.

The data have been taken with fixed target of the Tevatron (FNAL, Batavia). The data on inclusive invariant cross sections Ed®c/dp*for n-, n*, K*, K-, p, p-
bar hadrons produced in a backward hemisphere in p+A collisions at p, = 400 GeV/c and at angle 6,,, of 70°,90°, 118° and 160° were measured.
The measurements were performed over momentum range of 0.2 < p < 1.25 GeV/c using LI, Be, C, Al, Cu, Ta nuclear targets.

It is seen from data analysis that z-scaling has following main Experiment performed by V.Gapienko group: V.V.Ammosov et al., Phys. At. Nucl. 76 (2013) 1213.
features: The data on inclusive momentum spectra for unidentified hadrons produced in p+A collisions at p, = 50 GeV/c and 0,,, =35° were obtained at U70 .

> Energy independence of ¥(z) (s¥*> 20 GeV) The measurements were performed over the range of 0.5 < p; < 3.8 GeV/c using C, Al, Cu and W nuclear targets. The cumulative region corresponds to the
> Angular independence of ¥(z) (6,,,=3°-90°) range p; > 2.5 GeV/c.

> Multiplicity independence of ¥(z) (dN/dn=1.5-26)

> Flavor independence of ¥(z) (n,K,¢,A,..,D,J/y,B,Y,..., top) Experiment performed by L. Zolin group: O.P.Gavrishchuk et al., Nucl. Phys. A523 (1991) 589.
> Power law, ¥ (z) ~z*, at high z (z > 4) The data have been taken with an internal target of the U-70 proton synchrotron (IHEP, Serpukhov). Low-p- invariant inclusive spectra of n, &* meson

> Saturation of ¥(z) at low z (z <0.1) production in pA collisions at a laboratory angle of 6,,, = 159° using Be, C, Al, Ti, Mo, W nuclear targets. The momentum of projectile protons was 18

GeV/c. The momentum range p > 0.5 GeV/c corresponds to the cumulative pion production.

Concept of cumulation of nucleus was first proposed by A. Baldin and
V. Stavinsky (JINR). Cumulative particles are particles produced in the
kKinematical region forbidden for free nucleon-nucleon interactions.

Such particles can be produced only in the processes with participation
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JINR preprints: A.Aparin & M.Tokarev, E2-2013-54,.E2-2013-104, E2-2013-139

Conclusions:

» Data on cumulative hadron spectra obtained by G.Leksin, L.Zolin and
B S T PO It O ST T o V.Gapienko groups in p+A collisions at \s =11 — 27.4 GeV were
-0 0 R0 0 S0 AR R 50 TR B B analyzed in the framework of z-scaling.

a) : : :
) » No evidences of new physics were found in the data.

» Indication on self-similarity of hadron production in p+A collisions at
high energies in the cumulative region were obtained.

» Universality of the shape of W(z) was used to predict particles spectra T B S T
In p+A collisions in deep-cumulative region. S mow b Gevi | prGevic

» Method of z-scaling could be useful tool for data analysis
at future heavy ion experiments FAIR (GSI) & NICA (JINR).
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