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Abstract

Pionium is an atomic bound state mainly by the Coulomb interaction. The strong
interaction between two pions also plays a role, leading to the energy shift and distorting
the hydrogen-like wave function at short distance.  In the Chiral Perturbation Theory the

predicted lifetime of pionium in the ground state is of the order of 10713 seconds. Various
versions of potential will be employed including the meson - exchange models and the
nonrelativistic quark models in order to derive the pionium wave function, and its energy
shift and decay width due to strong interaction. The strong and electromagnetic decay
processes of pionium are also studied.

The suitable numerical approach based on the Sturmian functions to solve the
pionium problem for both local and nonlocal potentials. The approach accounts for both
short - ranged strong interaction and the long —ranged Coulomb force and provides
accurately the wave function and binding energy of pionium. It is found that the ground-
state pionium wave function in realistic pion — pion strong interactions might be conside-
rably different from the hydrogen - like one at the small distance.

The reaction #° 7~ — z*z~ is studied in a non-relativistic quark model with the

3 Fy quark-antiquark dynamics.  The model is characterized by (a) the factor my /Eq in

the 3P0 quark - antiquark vertex is approximated as m, / £ instead of 1 which has been
adopted in the traditional non-relativistic quark model, and (b) the quark - antiquark anni-

hilation and creation are correlated. The cross section of the reaction 7772~ = 77z~
is well reproduced even for rather high energies without any free parameter employed.
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o o o of v -
M13n A.1 dufszAinBiaaud — nesaounazesuetinnsanay [45)
(Clebsch — Gordon Coefficients and Spherical Harmonics)
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