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Tchekhovskoy, Spitkovsky & Li 2013; Tchekhovskoy, Philippov &
Spitkovsky 2016) show that the wind has likely a higher equatorial
energy flux. This has consequences on the shape of the TS, which
partly reflects the energy flux of the wind (Del Zanna, Amato &
Bucciantini 2004), and on the post shock flow, creating flow chan-
nels that can trigger the developement of turbulence and a↵ect the
overall variability of the system (Camus et al. 2009).

4 MAGNETIC FIELD INJECTION

The use of a laminar steady-state flow field ensures that each point
of the BSPWN system can be associated one to one to an injec-
tion location. For the ISM the injection can be placed anywhere
in region D. For the pulsar material injection can be placed at any
radius in region A, where one can use standard predictions for the
structure and geometry of the magnetic field in pulsar winds. In par-
ticular we set our injection boundary for the pulsar magnetic field
on a sphere with radius Ro = 0.5do. We are interested in model-
ing the non-thermal emission from region B so we assume the ISM
material to be unmagnetized. In general the pulsar spin axis will
be inclined by and angle ✓i with respect to the z�axis, as shown
in Fig. 3. The magnetic field in the pulsar wind is assumed to be
purely toroidal, and symmetric with respect to the spin axis. In prin-
ciple the magnetic field strength will depend on the latitude  with
respect to the spin axis. Many existing numerical models for exam-
ple assume a sin-like dependence (Komissarov & Lyubarsky 2004;
Volpi et al. 2008a; Porth, Komissarov & Keppens 2014; Olmi et al.
2015, 2016), and possibly the presence of en equatorial unmagne-
tized region, to account for dissipation of a striped wind.

In a cartesian reference frame centered on the pulsar with the
x� axis chosen such that the pulsar spin axis lays on the x� z plane
(Fig. 3), the magnetic field Bo at a point Po = [xo, yo, zo] in the
wind will be given, in terms of cartesian components, by:
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xozo sin 2✓i.  represents the angular distance of a point from
the pulsar spin axis, cos = [xo cos ✓i + zo sin ✓i]/ro, and F( )
parametrizes the latitudinal dependence of the magnetic field
strength.

5 RESULTS

We present here the results of a serie of models done using various
inclinations of the pulsar spin axis ✓i and various orientation � of
the observer. We are mostly interested in modeling the magnetic
field structure and simulating the non-thermal radio emission, in-
cluding polarization, in oder to obtain an understanding of the basic
features one might expect to see in these systems. In the following,
in line with the standard assumptions on the magnetic field distri-
bution in pulsar winds, we assume F( ) = sin , unless otherwise
stated. Moreover we assume that the velocity field is independent
on the magnetic field strength. This is formally correct only as long
as the magnetic field energy is sub-equipartition.

Figure 3. Geometry of the magnetic field in the pulsar wind. The z�axis is
aligned to the pulsar speed vpsr with respect to the ISM (or equivalently the
ISM speed in the reference frame of the pulsar). ⌦ is the pulsar spin axis,
around which the pulsar wind magnetic field B is wound-up, which lays in
the x � z plane and is inclined ✓i with respect to the z� axis. � indicates
the inclination angle of the direction pointing toward the observer, which
is assumed to be perpendicular to the z�axis (the pulsar velocity is in the
plane of the sky).

5.1 Magnetic surfaces

In a steady state laminar flow, magnetic loops, coming from the
wind, will retain their coherence and trace, during their evolution,
the location of the magnetic surface to which they belong. A set
of nested magnetic surfaces will then arise as a consequence of the
flow. In Fig. 4 we show the shape of magnetic field surfaces, for
various inclinations of the pulsar spin axis. In the co-aligned case,
✓i = 0, the magnetic surfaces are axisymmetric, while for other in-
clinations, a magnetic chimney forms on the front side, with mag-
netic loops strongly stretched, and piled-up. It is evident that the
flow structure tends to concentrate the magnetic surfaces toward
the contact discontinuity. This e↵ect was already observed in ear-
lier axisymmetric simulations (Bucciantini, Amato & Del Zanna
2005). This will lead to the formation of a magnetopause, where
the magnetic field strength can rise above equipartition. Magne-
topauses are a common feature in magnetically confined flows, and
are sites of possible violent reconnection and dissipation (Mozer
et al. 1978; Galeev 1983; Alexeev & Kalegaev 1995). In the ax-
isymmetric case, the structure of the magnetic surfaces ensures that
there will be no polarity inversion close to the CD, suppressing
in principle reconnection events. On the contrary, in the magnetic
chimney that form for other values of ✓i, field lines of di↵erent po-
larity are brought close together, in principle creating the condi-
tions for fast reconnection and dissipation. It is then possible that
the magnetic chimney behaves as a highly dissipative structure. On
the other hand, the magnetic surfaces are quite open on the back
side, downstream of the Mach Disk, suggesting that low values of
the magnetic field might be characteristic of the inner flow channel.
Indeed the backward magnetic chimney shows no sign of stretching
or compression.
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