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STEP #l

Vacuum: magneto-dipole radiation



Vacuum:

Energy losses

magneto-dipole
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Vacuum: magneto-dipole

Energy losses 8 — Qxr
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Landau-Lifshits, Field Theory
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Vacuum: magneto-dipole

Energy losses L oo
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Wi = — [ (32B)(BdS)
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Vacuum: magneto-dipole

Energy losses L oo
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IMPORTANT CONCLUSION

Two terms can play role in energy losses

/J (Bn)d /{ n x B® +[n x BOY(B®n)} do



STEP #lI

Pulsar magnetosphere



Force-free approximation

One can neglect energy of particles

1
Zix B+ pE =0
C

Mestel equation (1973)

VxB=iB B= {B,(l — 9:2,»2)’ B,, 32(1 — %ﬁ)}

Pulsar equation
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(Michel 1973, Mestel 1993, Scharlemann & Wagoner 1973,
Okamoto 1974, Mestel & Wang 1979)




F. Michel (1973)

First solutions
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Orthogonal Rotator
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Sov. Phys. JETP, 58, 235 (1983)
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Orthogonal Rotator

VB, A.V.Gurevich, Ya.N.Istomin, JETP, 58, 235 (1983)
L.Mestel, P.Panagi, S.Shibata, MNRAS, 309, 388 (1999)
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Orthogonal Rotator

VB, A.V.Gurevich, Ya.N.Istomin, JETP, 58, 235 (1983)
L.Mestel, P.Panagi, S.Shibata, MNRAS, 309, 388 (1999)
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IMPORTANT CONCLUSION

No energy losses for zero longitudinal current



STEP #ll

Current losses



Current losses

For current losses mechanism is necessary to have

. Plasma in the magnetosphere,

» regular poloidal magnetic field,

« rotation (inductive electric field E,
EMF 4U ),

Poynting vector
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 longitudinal current |
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Current losses
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Current losses
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Orthogonal rotator
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Orthogonal rotator

VB, A.V.Gurevich, Ya.N.Istomin JETP 58, 235 (1983)
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Oppositely flowing
currents can occupy
the same open flux
tube. Does this have
any obervational
implications?

- Thereis always a

~ null-current field line

in the open zone.



Spitkovsky solution, ¥ = 60°

No magnetodipole radiation 1
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VB, Ya.N.Istomin, A.A.Philippov, Phys. Uspekhi, 56, 164 (2013)



Current losses

Energy losses

Or =

Q xr

Wi = — [ (32B)(BdS)
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IMPORTANT CONCLUSION

Wtot — I(SU




IMPORTANT REMARK

VB, E.E.Nokhrina. Astron. Lett., 30, 685 (2004)
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IMPORTANT REMARK

VB, E.E.Nokhrina. Astron. Lett., 30, 685 (2004)

OR? -
Wit = / JyB,do
C

Current direction
corresponds to
energy losses.




STEP #IV

“Universal solution”



Inclined rotator

A.Spitkovsky, ApJ Lett., 648, L51 (2006)
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Inclined rotator — numerically

1.0

Figure 12. Colour-coded surface distribution of B2 in the spli pole solution (Bog 1999). The current sheet, in which the radial magnetic fiel
vanishes, describes the orientation of the current sheet in the numerical force-free solutions shown in Fig. 6.
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Orthogonal rotator — numerically

<B, >~ sin0
<E><B,,> ~sin%0
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No current sheet for
orthoaonal rotator!
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Inclined rotator

A.Tchekhovskoy,
A.Spitkovsky, J.Li,
MNRAS, 431, 1 (2013)




Inclined rotator

A.Tchekhovskoy,
A.Spitkovsky, J.Li,
MNRAS, 431, 1 (2013)



Polar cap
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Fig. 4.12. Dependence of the parameter S*(x) on the angle y.

A.Tchekhovskoy,
A.Spitkovsky, J.Li,
MNRAS, 431, 1 (2013)

S(y) =S, (1 + 0.2 sin%y)

10% precision!



STEP #V

Pulsar braking



Pulsar braking

Current losses

. B2OP RS
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« ‘Second term’ (mismatch)
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« Separatrix currents



How to write down the current

Drift approximation

j=pel2xr]+7 B

Mestel, BGI
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Orthogonal rotator — analytically
B, =~ Bof—; sin 6 cos(p — Qt + Qr/c),
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Mismatch?

The absence of energy
losses for zero longitudinal
currents results from exact
compensation of central
star and magnetospheric
losses.

For nonzero currents
additional energy losses
can appear resulting from
mismatch of these two
components.
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Mismatch?

All neutron star BRY IR F T 7 e
surface works L l I, f{i . ﬂf\/\
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Separatrix current?

OR?
Wit = / JyB,do
C

len = 3/4 1,

X.-N. Bai, A.Spitkovsky ApJ 715, 1282 (2010)
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STEP #VI

An answer



An answer

What do you prefer?

« Mismatch (all NS surface works).
« Separatrix currents (polar cap only).



An answer

Poynting flux through spheres for y=60°
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The last remark

LO = Ki +[K{—Kj]sin®¥,
I.Qy = [Kf — Kf]sinxcosx.

Torgue

B:5O)° R° Z,

Kjl_lag _ _A

1/2
A2 (Q—R>

CS

OK for BGI



Conclusion

To explain energy losses of the ‘universal solution’,
separatrix currents are to be included into consideration.

In the BGI model (iy ~ i, ~ 1) the separatrix losses
can be neglected, as was proposed.



Hope, it's all...

THANKS A LOT!



