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The first experimental data
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A+A-> antiprotons 





A question arises however: to what extent is the 

cumulative production cross section determined by the 

nuclear structure functions FA (x)? Until now there are 

no quite reliable data for nuclear deep inelastic 

scattering in the region x ≥1,    though there are some

indications of similarity of the cumulative meson spectra 

and structure function F2 (x) in this region [25].



Self-similarity in particle physics - history
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Self-similarity following from dimensionality considerations



Bjorken self-similar solution
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Self-similar solution for relativistic interacting 

particles

1

1
1

A

P
X

2

2
2

A

P
X

3M





 iPPPXPX 12211

 
2

4

222111

2

33222111 







 

k

kkuMuXMuXMuMuMXuMX

Correlation depletion principle in the relative  four-velocity space 

enables us  to neglect relative motion of not detected particles, 

namely 

on the right-hand side of this equation.
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Self-similar solution for relativistic interacting 

particles
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In the  case of production of an antiparticle with mass M3, 

M4 is equal to M3 , due to conservation of quantum numbers.  

X1 and X2 are obtained from the minimum  , and are used to 
construct a universal description of A-dependencies. 
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The relationship between X1 and X2 is described by the laws  of   conservation 
written in the form

Here Mn is the nucleon mass, and M3 the mass of an emitted particle.  
Essentially, we are using an experimentally proved correlation depletion 
principle in the relative  four-velocity space  which enables us  to neglect the 
relative motion of not detected particles, namely the quantity            

in the right-hand part of the above equation. 

Employing this approximation, the correlation between X1 and X2  can  
conveniently be written in the form

In the  case of production of antiparticle with mass M3, the mass M4 is equal to 
M3  as a consequence of conservation of quantum numbers.  In studying the 
production of protons and nuclear fragments M4 =  M3 as far as minimal 
value of   corresponds to the fact that any other additional particles are not 
produced.  The X1 and X2 obtained from the minimum  are used to 
construct an universal description of the A-dependencies.

The analysis of the experimental data shows that the A-dependence of the 
inclusive production cross section can be parameterized by a universal 
function       , were X is equal to X1 and X2 , respectively. 
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Cumulative processes

S.V.Boyarinov, et al. Yad. Fis. , v.57, N8, (1994) ,1452-1461.

O.P.Gavrishchuk et al. Nucl. Phys., A523 (1991) 589.

P+A->π
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Cumulative and non-cumulative processes

10 GeV
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Antimatter production
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P >> M !!!



P.Stankus et al. Nucl. Phys. A544  (1992)  p .603c-608c.

13.6GeV/n

Near-threshold antimatter production
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Twice cumulative deep subthreshold antimatter 

production

Jim Carroll Nucl. Phys.  A488 (1989) 2192.
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Twice cumulative deep subthreshold antimatter 

production with heavy nuclei

A.Schroter et al.  Z.Phys.  A350, (1994), 101-113.
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Inclusive pion spectra

(various experiment types) 
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Inclusive pion spectra

in selected high-multiplicity events
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• The proposed self-similar solution quantitatively describes the 
angular, energy and A- dependences of inclusive production 
cross sections of all hadrons with transverse momentum up to 
2GeV. For higher transverse momenta the A-dependence 
becomes a function not only of X1, X2, but also of Рt (or mt). 

• The analysis of inclusive spectra for the data selected in 
different ways shows that multiplicity in relativistic nuclear 
collisions has its origin basically in independent nucleon-
nucleon interactions. Thus, high multiplicity at interaction of 
heavy nuclei is not a satisfactory criterion for search and study 
of collective interactions, or detection of exotic states of 
nuclear matter (such as quark-gluon plasma). 
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Proton distribution for two angular intervals in

p(10GeV/c)+C
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Phys.Part.Nucl.Lett., vol. 1, no. 4, 7-16 (2004).
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Directed Nuclear Radiation

P+C->pions at 10GeV
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Theory of Clustering Quark-Hadron 

Matter
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ISHEPP2000, vol.2, 238.

5. V. I. Yukalov and E. P. Yukalova, Phys. 
Part.Nucl. 35, 348 (2004).



Theory of Clustering Quark-Hadron 

Matter

Prof. V.I.Yukalov:   

“The theory of clustering quark-hadron matter is 

developed, where quarks are allowed to form different 

clusters that can coexist with unbound quark-gluon 

plasma. All calculated characteristics for pure 

gluodynamics and zero-barion density chromodynamics 

are in very good agreement with the known lattice 

simulations. For realistic parameters of matter with finite 

barion density, the deconfinement is predicted to be a 

gradual crossover, but not a sharp phase transition.” 



CONCLUSIONS
• The developed functional self-similarity solution quantitatively describes angular, energy and A-

dependences of inclusive production cross sections of all hadrons with transverse momentum 
up to 2GeV.

• The analysis of inclusive spectra for the data selected in different ways shows that multiplicity 
in relativistic nuclear collisions has its origin basically in independent nucleon-nucleon 
interactions. Thus, high multiplicity at interaction of heavy nuclei is not a satisfactory criterion 
for search and study of collective interactions, or detection of exotic states of nuclear matter 
(such as quark-gluon plasma). 

• It is natural to consider two types of collectivity in nuclear-nuclear collisions: the first is related 
to production of particles in the region kinematically forbidden for single nucleon-nucleon 
interactions (X1 or X2 or both greater than unity); the second is a result of collectivity of the 
initial state in nucleus-nucleus collisions) – high probability of a large number of independent 
nucleon-nucleon interactions in the collision. The analysis of multiple experimental data on the 
basis of the proposed self-similarity approach allows to conclude that the effect of the 
collectivity of the first type drops drastically with increasing energy of colliding particles and 
increases with increasing mass of the produced particle.

• It seems reasonable to study specially selected events with at least one particle (or jet) for 
production of which X1 or X2 (or both) should be greater than unity for investigation of collective 
nuclear effects. For collider energies the suitable selection criterion may be a particle (or a jet) 
with high transverse mass. In the conditions of 4 geometry the statistics is usually insufficient 
for analysis of such processes. Therefore, in order to investigate the region X1>1or X2>1 (or both 
X1,X2>1) it is necessary to select the events at the first level trigger of the registration system. 

• Interaction of very heavy nuclei (Au, Pb, …) may “entangle” experimental picture of the reaction 
and complicate theoretical interpretation. Collective effects can be observed already for light 
and intermediate nuclei, although with lower multiplicity and combinatorial background. 

• Collective phenomena become extinct with increasing collision energy. Therefore, the energy 
range from hundreds MeV to tens of GeV is optimal for experimental observation of collective 
effects in nuclear collisions.

• The phenomenon of directed nuclear radiation predicted using the Lobachevsky geometry has 
received more experimental proof.

• The Lobachevsky space is an efficient tool for analysis of experimental data on multiparticle 
production at relativistic energies, finding new effects, and planning future experiments.
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