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In what way F =300 isreleased

E = 300 <

7~ Pulsar wind

gamma-ray pulses from
outer magnetosphere

thermal X-ray from NS

particles, non-thermal radiation
(unseen?)

“—radio emission from Polar cap%
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Fig. 5 Schematic view of the axisymmetric polar cap Fig. 6 For the orthogonal rotator only antisymmetric

showing magnetospheri ent den ty (open ar- current i, (i.e., the current having different direction

rows), surface currents. Amp f n surface cur- in the north and south parts of the polar cap) takes
after J. Rankin @Goddard Pulsar rents, and braking torque ly th ymmet place. The structure of the surface currents within

current i is present. Take f rom Besk n (1999). the polar cap and along the separatrix is also shown.
Workshop, June 2016 Taken from Beskin et al. (2013).

/ PAIR CREATION Beskin, V.S., Chernov, S.V., Gwinn, C.~R., et al.¥ 2015, ¥ssr, 191, 207




« [FEAEDT —XTE K ILPolar Cap TR
* Polar Cap Luminosity |Z Rotation Power | bR THEE TE
75 U (at least for old pulsars)

Log(L) [erg/s]

26 27 28 29 30 31 ATNF =>
30 . - _ ) .
®e o200 o L~T74x10*erg s ( )2( 1400
— o® .o‘;: : el ° o kpc” * mJy
2’ 30 & 240 e. . . o
a0 | 202020 SSRGS 20, % _ _ _ .
N e
T i
~ > w"!”:o ’ 2 ,
® : ° ° A, p maz
o0 Y- ALK L= sim?(4) / T Snean) )
) 267 °s°7 s |
o« °°8 radio pulsar
- = [, o [0-0565
24 ' . .
26 30 34 38 40 Wu, Q.-D., Zhi, Q.-J., Zhang, C.-M,, et

Log(FE) |erg/s|

al.¥ 2020, Research in Astronomy
and Astrophysics, 20, 188.



38

]- Pulsar Wind

36 —Fermi LAT

y x (0.5-10 keV)

26 30 34 38 40  WuQ-D,zhi,Q-, Zhang C-M, et

al.¥ 2020, Research in Astronomy

Log( E ) [erg / S] and Astrophysics, 20, 188.



Ll

Polar Cap |IfEB A AIER T R IILF —ZWH L TWLWBDIC
BEBEIIE T TWLAEL, E5HRoTWEh,

How inefficiency of the angular momentum loss

can be compensated?
CASE: Polar Cap
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Inner magnetosphere
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(uC /Q* ) ) angular momentum goes to particle and radiation
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Outer magnetosphere: ideal-MHD (one fluid model)

1
Ej XB+qE = n (% +v- V) (m~yv) (17.3.9)
= n lafrgzv + V(mc?y) — v x (V x myv) (17.3.10)
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flow of electromagnetic energy
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Thus the energy and angular momentum come into the outer
magnetosphere through the surface S are

Eow = /(S—ch)-da
S

b = o[ [5- v dat [16 - quoc-o) - dal

Some part of this will be used to accelerate particles, and the
rest of it reaches the termination shock in a pulsar wind.

Less efficient angular momentum loss of the inner magnetosphere
1s compensated by efficient loss of the outer magnetosphere.



angular velocity of the outer magnetosphere may be represented by

Qout — Eout/Lout , for which we have
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Braking torque on the star






Karageorgopoulos V., Gourgouliatos K.~N.,
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How the Ohmic heating is possible even though it release no angular momentum but energy
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How the Ohmic heating is possible even though it release no angular momentum but eners

1
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When there 1s Ohmic heating, the star internal matter rotate
faster than the stellar surface.

Previous works which attempt to determine the current
closure inside star do not care about the rotational
structure inside are 1ll-conceived.



Demonstrate how the current inside the star is determined.

Actually Ohmic heating is not significant, so ideal-MHD is a good approximation.
No Ohmic dissipation, no differential rotation

Basic Equations: NS: elastic body
S
Dv 1 «©
— = —93xB-VII-Vo
P Dt c] g
FE + lv Xx B = ( ideal-MHD (no differential rotation)
C
v = Q(t)e,

JxB =7, 0+71 X Bo+39gxBi+ 71 x B

Any electromagnetic force by the magnetospheric current circulation is
balanced by the grad-stress force. The current distribution becomes
minimize the elastic energy.
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moderately extended circuit within polar cap magnetic flux
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moderately extended circuit within polar cap magnetic flux
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Current share moment (r*r*Fo) stress energy

current function share moment (r*r*force) shear stress energy
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moderately extended circuit within polar cap magnetic flux
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Result:
(not surprisingly)

moderately extended circuit within polar cap magnetic flux
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