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In the thesis the energy shift, decay width and wave function of the kaonic

hydrogen atom are directly evaluated with various versions of realistic interaction

potentials in addition to the Coulomb interaction. It is found that the ground-

state wave function of the kaonic hydrogen atoms with realistic strong interactions

is considerably different from the hydrogen-like ones at small distances, and also

has a node in the region from 1 to 2 fm, because there exists one deep bound state,

the Λ(1405) near threshold.

It has been a challenge to accurately evaluate the energy shift and especially

the wave function of hadronic atoms. One may think that the dynamical equations

of the kaonic hydrogen can be solved by simply expanding the system in any

complete set of orthonormal functions. The complete set of harmonic oscillator

wave functions is widely applied to bound state problems since they have analytical

forms both in coordinate and momentum spaces. Bound state problems with only

the strong interaction or only the Coulomb force can be well solved in the regime

of harmonic oscillator wave functions. However, the harmonic oscillator wave

function approach fails to describe hadronic atoms which are dominated by the

long-ranged Coulomb force and distorted by the short-ranged strong interaction.

The reason is that two very different oscillator lengths are involved to account for

the short-ranged strong interaction and the long-ranged Coulomb force.

The protonium, pD atom and pionium have been successfully investigated

in a numerical approach based on Sturmian functions. The numerical method



IV

is much more powerful, accurate and much easier to use than all other methods

applied to the hadronic atoms in history. It can be applied to solve the exotic

atom problem for local and non-local potentials, accounting for both the strong

short range nuclear interaction and the long range Coulomb force and provides

directly the wave function and binding energy of those exotic atoms.
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