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OVERVIEW:

Research performed at the Department of Particle Theory is devoted to fundamental particles and
their interactions. These studies are closely related to the current and future high energy experiments
at e+e~ and hadron-hadron colliders: LEP, TESLA, Tevatron and LHC. The papers reported below
cover a wide range of particle physics from neutrino masses and oscillations to processes involving
heavy particles like gauge and Higgs bosons or the top quark.

An evidence of neutrino oscillations observed by the SuperKamiokande Collaboration was the most
spectacular discovery of the year 1998. In a theoretical investigation performed at our department
a relation has been found between the so called see-saw mechanism and the bi-maximal neutrino
mixing.

Since many years a very important and labour-consuming part of the research activities is related
to precision tests of the Standard Model. In the last year successful runs of LEP2 stimulated an
impressive progress in theoretical description of processes with two- and four-fermion final states in
electron-positron annihilation. It is worth stressing that the results of the calculations have been
distributed in the form of the computer programs (Monte Carlo and other types) which serve as an
indispensable tool in the analysis of the experimental data. Although the whole scientific program is
a natural continuation of the activities started earlier a few results obtained in the last year should
be mentioned:

• Publication of the four-fermion Monte Carlo program KORALW for high energy e+e~ colliders;
• Development of the exponentiation scheme at the spin amplitude level and studies of the anoma-

lous couplings for the e+e~ —¥ ff^ivy) processes;
• Relation between QCD static potentials in momentum and position spaces, and its consequences

for bottom and top quark pair production and spectroscopy;
• Participation in the preparation of the physics program of the pp experiments on LHC collider

particularly for Higgs searches in Standard Model and Minimal Supersymmetric SM.
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The members of the Department actively participated in a number of international working groups
studying physics potential of existing and planned high energy colliders. They also played the leading
role in organization of Cracow Epiphany Conference on Spin Effects in Particle Physics, Cracow,
January 9-11, 1998.
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Physics of the W-Pair Production and Decay at LEP2/NLC
Energies — The KORALW and YFSWW Projects

In the year 1998 our group has continued research on the physics of production and decay of the W
bosons. In particular in this period, within the Cracow-Knoxville collaboration, we have completed the
new version 1.42 of the Monte Carlo code KORALW. The distribution version of the code is available
at our web page [1]. Manual has been published in the form of preprint [2] and submitted to Computer
Physics Communications. The program KORALW is an universal code for simmulations of all four-
fermion processes in electron-positron collisions. It includes all the so called "background graphs" at
the Born level, multiple initial state photonic radiation in the Yennie-Frautschi-Suura approach and
dominant first order corrections (e.g. the Coulomb effect). The most important novelty of version
1.42 is the presence of two independent four-fermion phase-space presampiers. Construction of such a
presampler is a highly nontrivial task. As compared to the matrix element calculation that at the Born
level can be carried over by a number of automated packages capable of evaluating Feynman graphs,
the phase-space integration up to now has not been solved in a systematic way for the multi-fermion
final states. KORALW 1.42 aims to partly fill-in this gap. The other significant improvement in
version 1.42 is the addition of the third order leading-logarithmic corrections to initial state photonic
radiation.

Previous documented version 1.02 of the program [3] included only the so called "signal graphs"
(CC03) doubly resonant with respect to the W bosons. Therefore the new version 1.42 is a much more
advanced product. The KORALW code is used by all LEP collaborations in the analysis of LEP2
data.

Along with the KORALW, the Cracow-Knoxville collaboration developed two other codes devoted
to four-fermion "signal processes": the YFSWW and YFSZZ. The YFSWW code is oriented towards
exact simmulation (including higher order corrections) of the WW pair production and decay - the
most important area of LEP2 experiments. During the RADCOR conference in Barcelona we have
argued [4] that these two codes (KORALW and YFSWW) are in fact complementary and should
be used together. This way we introduced the concept of "WW-Toolbox" as the solution to the
outstanding problem of reaching the 0.5% ultimate precision level required by the LEP experiments.
We have given in [4] the preliminary estimate of the total technical and physical error of the "Toolbox"
to be 0.5%. This way we entered into the new domain of precision WW physics.

There is however a number of still unsolved problems associated with this project. In particular the
photonic corrections to the ZZ-type four-fermion processes, if described in initial state approximation,
can lead to severe inaccuracies. We hope to address this and other problems in the forthcoming future.


