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rLC1. Old isolatedradiopulsars

Bdip ∼ 1011 − 1012G
P ∼ 100ms − 1s
τ = P/(2Ṗ ) & 106 years2. Goldreih-Julian model3. inner gaps

4. free eletron emissionfrom neutron star surfaesmall surfae magneti �eld

Bsurf < 1013Ghot polar aps T ∼ (1 − 3) · 106KZ.Medin, D.Lai (2007)

~Ω · ~m > 0, Ω = 2π
P

~Ω is angular veloity of star5. no vauum gaps, no sparkssteady spae harge limited �owW.M.Fawley, J.Arons, E.T.Sharlemann(1977)6. stationary ase7. only urvature radiationthe inverse ompton sattering andsynhrotron emission do not taken intoaount8. only photon absorptionin magneti �eldno photon splitting, photon sattering



Small sale magneti �eld
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Charge density
~m

~Ω

In the referene frame rotating with the starall values do not depend on time.

∆Φ = −4π(ρ − ρGJ), ~E = −~∇Φ

ρGJ � Goldreih-Julian density

ρ =
ΩB

2πc
ρ̃ and ρGJ = −

ΩB

2πc
ρ̃GJ

Ω = 2π/P is angular veloity of neutronstar, B is magneti �eld strenghtPartiles move along �eld lines ~v ‖ ~Bwith relativisti veloity v ≈ c

div (ρ~v) = 0 => ( ~B · ~∇)ρ̃ = 0without frame dragging

ρ̃GJ (z) ≈ cos χ̃

χ̃ is the angle between ~B and ~Ω



Rapid sreeningmodel
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J.Arons, E.T.SharlemannApJ 231 854 (1979)
1. 0 < z < zc aeleration regionno pairs prodution, no pair plasmalarge E|| = ( ~E · ~B)/B2. zc < z < zr partial sreening areapair plasma, small E||positrons return to the polar ap3. z > zr full sreening areapair plasma, E|| = 0no positrons returnCondition(a) E||
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= 0harge density is ontinous



Rapid sreeningmodel
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pairs are generated by urvature radiation

zr − zc ≪ rt, zcat rt ≪ ℓ at the entral line the reversepositron urrent density may be estimatedas
ρ̃+ ≈ rt

∂ρ̃GJ

∂z
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F
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«

where rt is the pulsar tube radius, z isaltitude above star
n+ = nGJ ρ̃+ � number density of the returningpositrons
nGJ = ΩB

2πce
≈ 7 · 1010cm−3
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at x ≪ 1, F (x) ≈ 4
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at x ≫ 1



Gradual sreeningmodel
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A.K. Harding, A.G. MuslimovApJ 556 987 (2001)
The assumptions:- all values do not depend on time t(stationary ase)- pairs are a�eted onlyby average eletri �eld- ρ̃GJ monotonially grows with the altitude zHene, onditions

E||

˛

˛

z=zr
= 0 and ( ~B · ~∇)E||

˛

˛

˛

z=zr

= 0an not be satis�ed at the same pointNo fullsreening areaThere is only partial sreening areawhere the eletri �eld is small and

Φ → Φ∞ at z → ∞



Gradual sreeningmodel
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~BscYu.E. LyubarskiiA&A 261 544 (1992)
Returning urrent from altitude zf

ρ̃+ ≈
1

2
(ρ̃GJ (zf ) − ρ̃GJ (zc))where n+ = nGJ ρ̃+ � number density of returningpositrons,

nGJ = ΩB
2πce

≈ 7 · 1010cm−3
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”We suppose zf ∼ (3 − 15)rns1. zf < zrad ∼ (5 − 50)rnsat large z plasma waves a�et on pairdynamis2. zf < zmax ∼ (1 − 5)rnswhere zmax is maximum of ρ̃GJ (z)at z ≈ zmax the solution satis�ed bothonditions exists
E|| = 0 and ( ~B · ∇)E|| = 0



The reverse positron urrent for pulsarJ2043+2740
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rapid: ρ̃+ ∼ 10−2

ρ̃+ . rt
∂ρ̃GJ

∂zgradual: ρ̃+ ∼ 10−1

ρ̃+ ≈ 1

2
(ρ̃GJ (zf ) − ρ̃GJ (zc))

zf − zc & rns ≫ rt
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The polar apluminosity for pulsarJ2043+2740
~Ω

~Bsc

~m

ψ

χ

Lpc =

Z

eΦ|z=zc

ΩB

2πce

˛

˛

˛

˛

z=0

ρ̃+dS

10
29

2

5

10
30

2

5

10
31

2

5

10
32

L
pc

,e
rg

/s

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Bsc / Bdip

J2043+2740

rapid
gradual

Bdip = 7.1 · 1011G, P = 96ms, τ = 1.2 · 106 years, χ = 55◦Upper limits of polar ap emission from W.Beker et al (2004) are shown by green lines, solidwhen we see one ap, dashed when we see both aps.Emission of star surfae taken from V.E.Zavlin, G.G.Pavlov (2004) is shown by blak line.



The polar ap luminosity

5

10
29

2

5

10
30

2

5

10
31

L
pc

,e
rg

/s

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Bsc / Bdip

B1929+10

rapid
gradual

10
28

2

5

10
29

2

5

10
30

2

L
pc

,e
rg

/s

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Bsc / Bdip

B0950+08

rapid
gradual

Bdip = 1.0 · 1012G, P = 0.23s

τ = 3 · 106 years, χ = 45◦

Lpc from Z.Misanovi et al (2008) is shown byorange area. Lpc range from J.Gil et al (2008)is shown by blak dashed area.
Bdip = 4.9 · 1011G, P = 0.25s

τ = 17.5 · 106 years, χ = 30◦

Lpc from V.E.Zavlin, G.G.Pavlov (2004)is shown by orange area and blak lines.Upper limits from W.Beker et al (2004)are shown by green lines, solid when we seeone ap, dashed when we see both aps.



The polar ap luminosity
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Bdip = 5.2 · 1012G, P = 0.68s

τ = 1.1 · 106 years, χ = 16◦

Lpc from C.Y.Hui et al (2012) is shown by solidgreen line. Upper limit from C.Y.Hui,W.Beker(2007) is shown by dashed green line, upperlimit from V.E.Zavlin, G.G.Pavlov (2004) isshown by orange area,

Bdip = 3.2 · 1011G, P = 0.26s

τ = 42.5 · 106 years, χ = 50◦

Lpc from B.Posselt et al (2012) is shownby orange area



ConlusionFor some pulsars the gradual sreening model predits the polar ap heatingwhih is larger than the observed polar ap luminosity.Possible explanations:1. Surfae magneti �eld Bsurf > 1014Gno free harge emission => vauum gaps, sparks2. Large redshift rns < 2rg3. Visous fores at z ∼ rtBak�owing radiationRadiation loked inside inner gaps
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