The effect of coupled states on the differential and total cross section in
excitation channel

S. Amiri Bidvari*', R. Fathi*%, F. Shojaei*® and M. A. Bolorizadeh™*

“Faculty of Physics, Shahid Bahonar University of Kerman, Kerman, Iran

Synopsis In this work, a semi-classical multi-channel formalism is applied to calculate the scattering amplitudes in the excitation
channel for the collision of fast charged ions with hydrogen-like atoms. The effect of state coupling was investigated for the
excitation to 2/m states, it show a stronger coupling for 1s = 2s state as compared with 1s = 2p states.

The results of ion-atom impact cross
section in different channels are needed for
many applications such as astrophysics,
plasma, gas-discharge and controlled-fusion.
The coupling between different states of atom
is important in the calculation of cross
sections, particularly in low impact energy
range and elastic scattering, which provide
useful information about polarizing
interactions. In the present work the effect of
state-coupling has been obtained when fast
ions pass through the matter.

We have applied one of the limited states
of multi-channel Eikonal formalism. The
hydrogen-like target atom was considered to
be in its ground state, while the excitation
occurred to nlm excited states. In this
calculation, based on the selection rules, the
transition for odd / —m was forbidden. The
results for differential cross sections for 100
keV proton-hydrogen impact are plotted in
figure (1) for final 2/m states, where it has
been compared with the experimental results
of Park [1] and the Born-Faddev theoretical
results [2].

In figure (2), the results for the total cross
sections have been depicted for the same
interaction and the same transition in the
energy range of 10keV-1MeV. The results are
compared with the Born results [3], the
coupled channel theory [4] and the
experimental data [5]. The result shows poor
agreement at the middle energies, while it
agrees well otherwise.

We note that most of the state-coupling
were ignored to simplify the calculation.
However, the discrepancy of the results at
intermediate energies is related to the
importance of state coupling in Is —2s
transition. We also infer that the effect of
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state-coupling at high impact energy range is
negligible for 1s — 2s transition, while it is
not of importance for ls — 2p transition.
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Figure 1: Results of differential cross section for
ls — n =2 transition in 100 keV
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Figure 2: Results of total cross section for
Is > n =2 transition

References

[1]1J.T. Park et al. 1978 Phys. Rev. Lett. 40, 1472.
[2] R. Fathi et al 2009 J. Phys. B 42, 125203.

[3] C.R. Mandal et al.1990 Phys. Rev. A. 42, 1787.
[4] A.L. Ford et al.1993 J. Phys. B 26, 4537.

[5] J.T. Park et al. 1976 Phys. Rev. A.14, 608.



