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A short review of some problems 
of the role of zone formation effect
in multiproduction which are under
active investigation nowadays is 
given.
The formation length of hadron from
particle-nuclei collision is derived
and compared with those from 
relativistic ion collisions.



In this Report, I want to draw 
too much attention to the problem
of formation time.
It is necessary to take into 
account the time needed for the 
formation of particles produced
at high energy.



FirstlyFirstly…….because of:.because of:

In analysis of data  on multiparticle production in proton –
nucleus interactions it has turned out that the cascading 
of secondaries is considerably lower than expected under
the assumption that a secondary pion is able to interact
immediatelly after it has been produced in a nucleon –
nucleon collision. And this has been ascribed to the formation 
time of secondary particles.
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Abstract
The nucleon-nucleus interactions in the energy range T = 100 -1000 GeV are analysed 
from the point of view of the mechanism of intranuclear cascades in its generally
accepted form (as a series of independent two-particle interactions). ..  The result…
the cascade calculation  is strongly contradictory with the experimental data…etc.
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Abstract

An analysis of the basic characteristics of secondary particles created in the interaction 
of pions with heavy emulsion nuclei at the highest accelerator energies available
is presented. Calculations were performed with an intranuclear cascade model 
using the Monte-Carlo method, taking into account the "trailing effect". 
The theoretical results were compared with experimental results at 17.2 and 60 GeV
interactions.
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In a high energy collision between
two hadrons it takes a finite amount
of time for the reaction products
to evolve to physical particles.
The time cannot be calculated
within perturbative QCD because the
hadronization process involves small
Momentum transfers.



The question of fundamental
importance in QCD is the
fragmentation and hadronization-
mechanism which converts quark and
gluon quanta into integrally-charged
final state hadrons. Hadronization
is a large distance process for 
which we only have models at resent.

Zone formation (L.Stodolsky),
Finite Time Formation,
Landay-Pomeranchuk-Migdal Effect
(at high energy the electron become
more “penetrating”).



 

The programme of the first day of Conf.
(The set of things that exist at our time and place.)



Prof. R. Hagedorn outlined the genuine situation with
the investigation of QGP and highlighted the current
problem:
"If you ask me now why it took 27 years to arrive at 
the present (still problematic) state, (QM), let me answer 
with Shakespear: 
There are more things in Heaven and Earth, 
Horatio, than are dreamt of in your philosophy."

W. Shakespear, Hamlet (1601).
-------------------------------------------
See:
R. Hagedorn, “How we got to QCD matter from
hadron side by trial and error”, QM 1984, June 17-21, 

1984,Helsinki.



1.) D.I. Blokhintsev, “Some remarks on the validity of 
the hydrodynamic description of quantum systems”,
Zh. Eksp. Teor. Fiz., 32, 350 (1957).
Abstract
It is shown that the hydrodynamic description of quantum system
imposes some serious restrictions on the dimensions of the 
investigated system. A result of this is that this description is invalid 
for atomic nuclei or multiple creation of mesons at the initial stages of 
expation of the meson liquid.

2.) R.Ya. Zulkarneev, Does the fireball found in AuAu collisions
at RHIC resemble plasma? arXiv:nucl-th/0706.1007.



1.) The radiation of a photon by electron of momentum p and mass m,
k=(1-m)p and qmin=m2(1-x)/2xp.
lf~1/q - the formation length.
At high energy and soft photon (1-x)p<<1 and  lf >lm.f.p.
The coherence is lost - suppression of the radiation,
Bethe-Heitler spectrum dN~dk/k is modified:
L.D. Landau, I.J. Pomeranchuk, Dok. Ak. Nauk. SSSR  92, 535 (1953),
A.B. Migdal, Phys. Rev.  103, 1811 (1956).
2a.) E.L. Feinberg:  “the electron "shake off" his field after the first
collision. The scattering take place without radiation”.
2b.) The hadronic analogy of LPM effect?
I.) E.L. Feinberg, in “Problems of theoretical physics”, 

Moscow: Science, 1972, pp. 248.
II.) L.Stodolsky, Phys.Rev.Letters, 28, 60 (1972)

QEDQED(LPM effect)



In Deep Inelastic Scattering on nuclear targets (nDIS)
one observes a suppression of hadron production
analogous to hadron quenching in heavy-ion collision 
at the Relativistic Heavy-Ion Collider (RHIC).
Moreover, the nucleons act as femtometer-scale detectors
allowing to experimentally study the propagation of
a parton in this ``cold nuclear matter'', and its space-time
evolution into the observed hadron. In the case of heavy ion 
collisions, one wants to use hadron suppression as a tool 
to extract the properties of the hot and dense system 
created in the collision, also called ``hot nuclear matter''.
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To be, but not in parameter free approach!
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the set of things that are happening and the conditions 
that exist at a particular time and place 
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