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                  Non-linear Magnetic Field Decay in Neutron Star Crusts
From May 4th to May 15th I visited Prof. Jose A. Pons  at the university of Alicante to advance the above mentioned project.
The main purpose of that project is to understand, how strong and small scaled poloidal magnetic field structures can be formed at the surface of neutron stars in the very vicinity of their magnetic poles. Such structures must exist there for the creation of electron positron pairs, which are an essential ingredient for the generation of the beamed radio pulses which are observed from rotating magnetized neutron stars.

To our knowledge, the only promising process which can realize such a formation in the crust of neutron stars is the Hall drift, which generates – either via a cascade or via an instability – small scale magnetic field components out of an “originally” large scaled one. To model this process we have to solve the Hall induction equation.
In recent collaborations this modeling has been performed by use of a semi-spectral code. The demanded very high spatial resolution in the vicinity of the magnetic poles however, requires the consideration of a very large number of multipoles in the spectral expansion, which is prohibitive for numerical calculations.

Therefore, we worked on a code which solves the Hall induction equation by use of a finite difference scheme in all spatial directions. This code has been developed by Prof. Jose A. Pons. 

During the visit we succeeded finally in developing and testing that code. It returned the results for the growth rates and spatial structures of the eigenfunctions of the magnetic perturbations which have been obtained by a linear analysis of the Hall induction equation some years ago.

Thus, we have now a tool to study numerically in detail the temporal non-linear evolution of crustal magnetic fields. In a next step we intend to relax the assumption of an uniform electron density in the crust and to include a prescribed cooling which influences strongly the relative weight of the Hall drift with respect to the Ohmic dissipation.
Besides the intense work on Prof. Pons’ code other problems of neutron star physics have been discussed, e.g. a manuscript, planned to be submitted by Prof. Pons and collaborators soon, which studies the magnetic field evolution in neutron stars by applying methods of the population synthesis.

I wish to thank to the European Science Foundation for enabling that short but fruitful and pleasant collaboration.
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