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Saturation Effects in Deep Inelastic Scattering at Low Q2

and its Implications on Diffraction

K. Golec-Biernat and M. Wiisthoff1

1 Department of Physics, University of Durham, Durham, UK

We present a model based on the concept of saturation for small Q2 and small x. With
only three parameters we achieve a good description of all Deep Inelastic Scattering data below
x = 0.01. This includes a consistent treatment of charm and a successful extrapolation into
the photoproduction regime. The same model leads to a roughly constant ratio of diffractive
and inclusive cross section.
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Wigner Problem in Quantum Mechanics
A. Horzela and E. Kapuscik1'2

1 Institute of Nuclear Physics, Krakow, Poland; 2 Cracow Pedagogical University, Krakow, Poland

We investigate algebraic structures which may be obeyed by fundamental quantum mechan-
ical operators and their equations of the time evolution. Almost fifty years ago E.P. Wigner
reanalysed the standard one dimensional harmonic oscillator and found its equations of motion
to be consistent not only with canonical commutation relations of the usual Heisenberg algebra
but also with another algebraic structure, inequivalent to the latter. Since that time noncanoni-
cal commutation relations have appeared in quantum physics many times. One should mention
here the idea of parastatistics, the explanation of zitterbewegung in terms of electron internal
structure, the description of symmetries of relativistic quantum theory through deformations
of standard Poincare symmetry as well as concepts which have come into physics only recently:
non-commutative geometries and quantum groups. Systems of material points put into external
force field or interacting with oscillator-like forces allow to find solutions of the Wigner prob-
lem within which all operators introduced form a Lie algebra. Algebras which have been found
generalize those known from standard quantum mechanics and it may be analyzed what kind
of physical effects arise from such generalizations: either new uncertainties emerging directly
from the algebra structure or new spectral properties of operators. In order to judge physical
consequences appearing when one uses noncanonical commutation rules instead of canonical
ones we use methods of representation theory of Lie algebras and groups which however need
careful interpretation because of the overlap with difficulties generated by noncommutative
character of the underlying geometry.

§§ Electrodynamics in Arbitrary Reference Frames
Hi and in Arbitrary Material Media
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^ S The investigation of electromagnetic phenomena in material media still belongs to the most
^ ^ difficult tasks of electrodynamics. Complexity and variability of material media practically ex-

clude effective applications of methods and computational techniques elaborated in the frame-
work of standard microscopic electrodynamics with classical vacuum as a ground state. In order
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to obtain satisfactorily exact descriptions of electromagnetic properties of complex material me-
dia one is enforced to use methods and approximations which are difficult to control. Moreover,
they usually break covariance properties and the results obtained are valid in one reference frame
which choice remains subjective and model dependent.

Some time ago we have proposed a reformulation of Maxwell electrodynamics which opens
new ways in study of electromagnetic processes in material media. The formalism gets rid of
assumptions characteristic for vacuum electrodynamics only and it avoids the usage of con-
stitutive relations as primary relations put on quantities needed for a complete description of
an electromagnetic system. Fundamental properties of all electromagnetic quantities are their
uniquely defined transformation rules and their analysis allows to determine the possible re-
lations between them. Within such a scheme it is possible to introduce constitutive relations
which do not have analogies in macroscopic classical electrodynamics. They may be used in
description of microscopic electromagnetic processes in a different way than it is done in the
framework of quantum electrodynamics.

Magnetic Field due to Spin-Polarized Nucleons in Neutron Stars ===
M. Kutschera ^ =

A model of the ferromagnetic origin of magnetic fields of neutron stars is developed [1]. ^ = T t
We assume that a ferromagnetic phase transition occurs inside neutron star cores soon after ^ = o
the formation. However, due to a high electric conductivity, the core magnetic field is initially = o>
fully screened. We study how this magnetic field emerges for an outside observer. After ^sa.
some time, the induced field which screens the ferromagnetic field decays enough to unshield ^ s
a detectable fraction of the ferromagnetic field. We conjecture that weak fields of millisecond ^ =
pulsars, ~ 108G, could be identified with ferromagnetic fields which are sufficiently unshielded
in 108 years.
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Mesonic and Quark Degrees of Freedom in the Neutron Star m
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It is expected that mesonic and quark degrees of freedom may play an important role in s ^ o>
the physics of dense matter in neutron stars. Any conclusions, however, as to the presence of
e.g. meson condensates and/or quark matter inside neutron stars are subject to uncertainties
which reflect incompatible model predictions at a purely nucleon level [1].

In our project, as far as mesonic contributions to the equation of state of dense matter are
concerned, we focus on the role of kaons and the isovector scalar meson ao(980) [2]. We find
that a threshold density for the kaon condensate to form is very sensitive to a high density
behaviour of the electron chemical potential, which is not well known due to uncertainties of
nucleon-nucleon interactions. An important effect of the inclusion of the a0 meson is a splitting
of proton and neutron masses in the neutron star matter [2].

A proper construction of the nucleon-quark phase transition in dense neutron star matter
predicts that nucleons and quarks coexist over a finite range of pressure, with quarks (nucleons)
filling gradually larger (smaller) fraction of space. We find, using a simple bag-model equation of
state for the quark matter, that properties of such a mixed quark-nucleon phase are determined
by the behaviour of nucleon matter isobars which is sensitive to the nuclear symmetry energy at


