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Abstract. We have calculated many Hall equilibrium states within the neutron star crust under
various boundary conditions in order to investigate the influences of the boundary conditions
clearly. We have found two important features of these solutions. First, the magnitude of the core
magnetic fields affects the toroidal to total magnetic field energy ratio within the crust (E;/E).
If the core magnetic fields are vanished, the crustal toroidal magnetic fields become weak and
the typical energy ratio is only E:;/E ~ 0.1%. If the core magnetic fields are strong, however,
the crustal toroidal magnetic fields become strong and the typical ratio reaches E;/E ~ 15%.
Second, the core toroidal magnetic fields and the twisted magnetosphere around the star make
the size of the crustal toroidal magnetic field regions large. Therefore if the strong core magnetic
fields have strong toroidal component, both strength and size of the crustal toroidal magnetic
fields become large. These results show that the Hall MHD evolutions would be deeply affected
by both inner and outer boundary conditions.

Keywords. Stars: interior — Stars: neutron — Stars: magnetic fields

1. Introduction

The decay of the magnetic field is considered as an important energy source of magnetar
activity and neutron star heating, but the Ohmic diffusion cannot be effective physical
mechanism for the decay because of the high electrical conductivity inside the neutron
star. The Hall effect is considered as a key of the promotion of the magnetic fields decay
(e.g. Goldreich & Reisenegger 1992). Recently, Hall MHD numerical simulations (Kojima
& Kisaka 2012, Vigano et al. 2013) and Hall equilibrium states (Gourgouliatos et al. 2013)
have been calculated. Since the boundary conditions are very important in both cases, we
have calculated the Hall equilibria within the neutron star crust under various boundary
conditions in order to investigate the influences of the boundary conditions.

2. Results and Discussion

We have obtained Hall equilibrium states (see Gourgouliatos et al. 2013) using Green
function method with arbitrary current sheets (see Fujisawa & Eriguchi 2013). For sim-
plicity, we divided the magnetized neutron star interior into three regions in order to
include the boundary conditions systematically. Each region is core (0 < r < ry), crust
(rin <r < 7y), vacuum or magnetosphere (r < ry) respectively. Here, r;, and r; denote
the core-crust boundary radius and the stellar radius. Numerical results and the ratios
E;/FE are displayed in Fig. 1 and Fig. 2.
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Figure 1. The poloidal magnetic fields configurations and the strength of the crustal toroidal
magnetic fields (color maps). A pure crustal magnetic field model (left, E; /E ~ 0.5%), a crust—
core magnetic field model (center, E;/E ~ 15%) and a very strong core magnetic field model
(right, Ey/E ~ 14%) are displayed. The left model has the smallest F;/FE and the center and
the right models have larger E:/E. The right model has the strong core toroidal magnetic field
and the size of the toroidal magnetic field region is largest in these models.

Figure 2. The crustal poloidal fields and the strength of the crustal toroidal fields (left) and
the magnetospheric poloidal fields and the strength of the toroidal current density (right). The
size of the crustal toroidal magnetic field region is much larger than those of models in Fig. 1.

As we have seen in these figures, the boundary conditions change the Hall equilibria
within the crust significantly. These boundary conditions would affect the Hall drifts
and evolutions deeply. Since the strong initial toroidal magnetic fields enforce the Hall
drift (Kojima & Kisaka 2012) during the Hall MHD evolution and the Hall drift would
stop when the magnetic fields reach Hall equilibrium configurations, we can evaluate the
efficiency of the Hall drift using the value of E;/F of our results. If we assume the strong
initial toroidal fields, the strong core magnetic fields (right panel in Fig. 1) would weaken
the Hall drift because E;/E is larger. In the pure crustal field case (left panel in Fig. 1),
the Hall drift would become more active because E;/E is smallest in these models.
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