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A nonperturbative character of QCD at low and intermediate energies generates serious
mathematical difficulties in describing the dynamics of hadron-hadron interactions in terms
quark-gluon degrees of freedom. Therefore much effort has gone in past years into developing
QCD-motivated approaches that formulate the theory of strong interaction in terms of hadron
degrees of freedom. The path-integral technique together with idea of spontaneous chiral-
symmetry breaking leads to Effective Field Theory (EFT) [1]. Unfortunately EFT can be applied
to description of hadron-hadron interactions only at very low energies. On the other hand, meson
theories of nuclear forces have long since been used to describe the properties of nucleon systems
and scattering processes. Now it is not quite clear, up to what distances the meson-exchange
pattern of nuclear forces is valid. Recently the new relativistic approach to the problem of
constructing effective hadron-hadron interaction operators has been proposed [2-4] on the basis
of analytic S-matrix theory and Gelfand-Levitan-Marchenko-Martin methods for solving the
inverse quantum scattering problem. In this approach effective potential is defined as a local
operator in a partial-wave equation of the quasipotential type such that it generates on-shell
relativistic (Feynman) scattering amplitude that has required discontinuities at dynamical cuts.
The discontinuities of partial-wave amplitudes are determined by model-independent quantities
(renormalized vertex constants and amplitudes of subprocesses involving on-mass-shell particles
off the physical region) and can be calculated by methods of relativistic quantum field theory
within various dynamical approaches. In particular, EFT can be used to calculate the
discontinuities across dynamical-cut segments closest to the physical region. In [2-4] we have
examined the basic features of the proposed approach. Attention has been given primarily to
analyzing the new mechanism of formation of a short-range repulsive core. In the given work this
approach is generalized for constructing effective hadron-hadron interaction operators in
framework multichannel formalism in arbitrary angular momentum states taking into account
effects of inelasticity. The methods of taking into account mechanisms of formation a quark-
gluon compound states in hadron-hadron interactions are elaborated also. The developed methods
are applied to constructing nucleon-nucleon interaction operators in different partial-wave states.
The boson-exchange model was used to calculate the discontinuities of the partial-wave
scattering amplitudes taking into account TT, a, p, a), rj, a0 -meson contributions. The effective

nucleon-nucleon potentials in our approach (as against the one-boson-exchange model in usual
sense) contain nonlinear contributions on dynamic discontinuities of partial-wave scattering
amplitudes, which play essential role at small distances. Note that in realistic Bonn potential
model [5] the short-range repulsion is due to co -meson exchange contribution. It is required in
this theory non-realistically large value («20) of the coupling constant g2

mNN I An . The value of
this coupling constant in our approach is consistent with available experimental data [6] and also

98
Section I. Physics of Particles and Nuclei



The Sixth International Conference "Modern Problems of Nuclear Physics", September 19-22, 2006

with theoretical quark-model calculations. The theoretical predictions of the proposed approach
are in fairly good agreement with partial-wave-analysis data for laboratory kinetic energies of
incident nucleon up to T=\.5-2.0 GeV. The developed approach is applied also to pion-nucleon
scattering at kinetic energies of incident pion up to T=2.Q GeV.
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The momentum correlations of two or more particles at small relative momenta in their
center-of-mass system are widely used to study space-time characteristics of the production
processes on a level of fm = 10"15 m, so serving as a correlation femtoscopy tool. Particularly, for
non-interacting identical particles, like photons or, to some extent, pions, these correlations result
from the interference of the production amplitudes due to the symmetrization requirement of
quantum statistics. The momentum correlations of particles emitted at nuclear distances are also
influenced by the effect of final state interaction (FSI). Thus the effect of the Coulomb interaction
dominates the correlations of charged particles at very small relative momenta (of the order of the
inverse Bohr radius of the two-particle system), respectively suppressing or enhancing the
production of particles with like or unlike charges. Though the FSI effect complicates the
correlation analysis, it is an important source of information allowing for the coalescence
femtoscopy, the correlation femtoscopy with unlike particles including the access to the relative
space-time asymmetries in particle production and a study of strong interactions between specific
particles. In this review, I will shortly discuss the recent results obtained from the femtoscopy
analysis of like and unlike particle correlations in relativistic heavy ion collisions.
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