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Summary of existing magnetospheric models

A new scheme of the pulsar force-free magnetosphere with
the gaps and current closure included

Polar gap adjustment to the force-free magnetosphere
allowing for current closure

Consequences for pulsar emission



e ENOSPIRHE!

Plasma particles affect the electromagnetic field

Self-consistent treatment of fields and particles is necessary
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e Ideal force-free model
E [B =0 - ideality condition
] xB + p,E =0 - force-free condition

e Resistive model
(Kalapotharakos et al. 2012; Li et al. 2012)

ELB#0

The magnetospheric gaps are still necessary to supply the
plasma

It is the gaps that determine the boundary conditions for the
force-free zone



Roltlplelzlny cornielitions Ir) tria forca=fras ofe)s)<n)
Kazanas, Fendt 1999)

The model does not include:
e Magnetospheric gaps
e Current cuircuit closure
e Recent advances (Parfrey et al. 2012, Petri 2012)

Continuity of the normal component of B across the stellar
surface (divB =0)




The pulsar equation:
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The offset monopole:

=1, 1~(z-a)/(z-a)" +° |

A=f(2-f/f,)
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The equilibrium condition: ff — ;ﬂ
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Polzlr czlo ard currarne closige

The force-free regime

The transition region

The vacuum regime
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The characteristic scale of the transition region is larger than
its altitude above the origin, h =T,
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F==x(r-r,)d(r —ro)pz;fzz; F=0; F=4(r —ro)g;

r r
(rxF,,@), =(ExB,r/r) =) The current closure is ideal

and results from electromagnetic induction
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e The transition region is ~10 times larger than the polar gap
height

The radio and vhe emission originates at r ~10R

e In the case of vacuum gap the current closes at the PFF
without dissipation, while in the space-charge-limited case the
current closes at the NS and heats the stellar surface

The NS's thermal X-ray emission is different for the two
scenarios of the polar gap. The radio emission characteristics
should also be distinct. This may explain the difference of the
X-ray thermal emission for the two radio emission modes
found in Hermsen et al. (2013)



Cornclusiors

e A new scheme of the pulsar force-free magnetosphere is suggested,

which incorporates the polar, outer and slot gaps as well as allows for
the current closure

e The pulsar current circuit, completely or partially, closes through the
system of magnetospheric gaps. The gaps coexist with the transfield
currents

e Adjustment of the vacuum polar gap with the force-free
magnetosphere of a monopole is studied in detail. The transition region
appears wide. The current closure may be dissipation-free

e The radio and vhe emission originate at r ~10R

e Radio emission modes may correspond to different scenarios of the
polar gap and may be accompanied by distinct thermal X-ray emission



