A renormalisation group approach to two-body scattering in the presence of long-range forces

Thomas Barford and Michael C. Birse

Theoretical Physics Group, Department of Physics and Astronomy University of Manchester, Manchester, M13 9PL, UK e-mail: mike.birse@man.ac.uk

We apply the renormalisation group (RG) to two-body scattering by a combination of long- and short-range forces. This is similar to an earlier application of the RG to scattering by short-range forces only [1]. A central feature of our approach is that the cutoff is applied within the basis of distorted waves of the long-range potential. This allows us to construct an effective field theory [2] in which the terms in the expansion of the short-range potential are in one-to-one correspondence with the terms of a distorted-wave (or modified) effective-range expansion [3]. We use this to determine the power-counting for scattering by Coulomb plus short-range potentials, building on the work of Kong and Ravndal [4]. We also apply it to scattering in the presence of a 1/r^2 potential, which has features in common with three-body systems [5]. We choose a particular self-adjoint extension of the 1/r^2 potential, which can be thought of as an additional short-range potential whose role is just to make the distorted waves well-defined. By applying the cut-off in this basis, we find a well-defined power-counting for the rest of the short-range potential, avoiding the oscillatory “limit cycle” behaviour found in other treatments [6].

References

[1] M. C. Birse, J. A. McGovern and K. G. Richardson, Phys. Lett. B464 (1999) 169.

[2] S. R. Beane, P. F. Bedaque, W. C. Haxton, D. R. Phillips and M. J. Savage, nuclth/0008064.

[3] H. van Haeringen and L. P. Kok, Phys. Rev. A26 (1982) 1218.

[4] X. Kong and F. Ravndal, Nucl. Phys. A665 (2000) 137.

[5] V. N. Efimov, Sov. J. Nucl. Phys. 12 (1971) 589.

[6] P. F. Bedaque, H.-W. Hammer and U. van Kolck, Phys. Rev. Lett. 82 (1999) 463.