Conversion between the formal and observed parameters
in R-matrix theory
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The low-energy reactions are usually thought to be governed by the complicated
process of nucleus reactions. So, the phenomenological R-matrix method [1-5] can be
applied to evaluate the experimental cross section data. In the evaluation, it should be
noted that the resonance parameters in the R-matrix are different from the observed
experimental values.

In XII-3 of [1], the observed parameters are defined as the experimental quantities
of Breit-Wigner form, and the formal parameters are the model parameters in R-matrix
theory. The conversion between the formal and observed parameters can be obtained
from the phase (S-matrix) equivalence in the R-matrix and Breit-Wigner formula, and
it ensures that the calculations correspond to the experimental width and cross sections.
If the reduced width is narrow 72; < 1, the formal parameters are almost equivalent
to the observed experimental width and resonance energy. However, the difference
might have to be considered accurately when the reduced width is a value close to the
single-particle limit which represents the well-developed cluster state.

In this presentation, I will show the conversion between the resonance parameters
by using an example of the a+'2C system. After the conversion, the collision matrix
and cross sections can be calculated independent of the boundary condition parameter
I~)c. I also discuss this transformation. The second transformation is the conversion
between two formal parameter sets, and it is performed using an orthogonal matrix.
As a result, I show that any choice of b, leads to the same cross sections.

[1] A. M. Lane, R. G. Thomas, Rev. Mod. Phys. 30, 257 (1958).

[2] P. Descouvemont, Theoretical Models for Nuclear Astrophysics (Nova Science, 2003).
[3] I. Thompson, F. Nunes, Nuclear Reactions for Astrophysics (Cambridge Univ. Press, 2009).
[4] F. C. Barker, Aust. J. Phys., 25, 341 (1972).

[5] C. R. Brune, Phys. Rev. C 66, 044611 (2002).



