
The in�uen
e of small s
ale magneti
 �eld on the polar 
ap X-ray luminosity of old radio pulsarsTsygan A.I.1, Gogli
hidze O.A.1, Barsukov D.P.1,2
1 Io�e Institute 2 SPbSPUThe in�uen
e of small-s
ale magneti
 �eld on the polar 
ap heating by reverse positrons is 
onsidered. The reverse positron 
urrent is 
al
ulated in the framework of two models: rapid [1℄ and gradually s
reening [2℄. In the �rstmodel only small area above inner gap gives the input to reverse positron 
urrent, so reverse 
urrent is nearby 10−3 − 10−2 of primary ele
tron 
urrent. In the 
ase of gradually s
reening model all areas above inner gap give theinput to reverse positron 
urrent [3℄, so reverse 
urrent a
hieves values like 10−2 − 10−1 of primary ele
tron 
urrent (and in extreme 
ase may be
ome to be 
omparable with it). To 
al
ulate the ele
tron-positron pairs produ
tionrate we take into a

ount only the 
urvature radiation of primary ele
trons and its absorption in magneti
 �eld. We use the polar 
ap model with steady spa
e 
harge limited ele
tron �ow.It is shown that in the 
ase of some old pulsars the model of gradully s
reening predi
ts too mu
h strong polar 
ap heating and too large its X-ray luminosity values whi
h ex
eeds the total observed X-ray luminosity. But in the
ase of some other pulsars the model of gradually s
reening seems may be more appropriate than rapid s
reening model.
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In the referen
e frame rotating with the starall values do not depend on time.
∆Φ = −4π(ρ− ρGJ), ~E = −~∇Φ

ρGJ � Goldrei
h-Julian density
ρ =
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Ω = 2π/P is angular velo
ity of neutron star,
B is magneti
 �eld strenghtParti
les move along �eld lines ~v ‖ ~Bwith relativisti
 velo
ity v ≈ c

div (ρ~v) = 0 => ( ~B · ~∇)ρ̃ = 0without frame dragging
ρ̃GJ(z) ≈ cos χ̃

χ̃ is the angle between ~B and ~Ω
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1. 0 < z < zc a

eleration regionno pairs produ
tion, no pair plasmalarge E|| = ( ~E · ~B)/B2. zc < z < zr partial s
reening areapair plasma, small E||positrons return to the polar 
ap3. z > zr full s
reening areapair plasma, E|| = 0no positrons returnCondition(a) E||
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pairs are generated by 
urvature radi-ation
zr − zc ≪ rt, zcat rt ≪ ℓ at the 
entral line the re-verse positron 
urrent density may beestimated as
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where rt is the pulsar tube radius, zis altitude above star
n+ = nGJ ρ̃+ � number density of the returningpositrons
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The assumptions:- all values do not depend on time t(stationary 
ase)- pairs are a�e
ted onlyby average ele
tri
 �eld- ρ̃GJ monotoni
ally grows with the alti-tude zHen
e, 
onditions
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an not be satis�ed at the same pointNo fulls
reening areaThere is only partial s
reening areawhere the ele
tri
 �eld is small and

Φ → Φ∞ at z → ∞
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Returning 
urrent from altitude zf
ρ̃+ ≈

1

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

≈ 7 · 1010cm−3
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)We suppose zf ∼ (3 − 15)rns1. zf < zrad ∼ (5 − 50)rnsat large z plasma waves a�e
t onpair dynami
s2. zf < zmax ∼ (1 − 5)rnswhere zmax is maximum of ρ̃GJ(z)at z ≈ zmax the solution satis�edboth 
onditions exists
E|| = 0 and ( ~B · ∇)E|| = 0

The reverse positron 
urrent for pulsarJ2043+2740
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Bdip = 7.1 · 1011G, P = 96ms, τ = 1.2 · 106 years, χ = 55◦Upper limits of polar 
ap emission from [10℄ are shown by green lines, solid when we see one
ap, dashed when we see both 
aps.Emission of star surfa
e taken from [11℄ is shown by bla
k line.
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Bdip = 9.3 · 1012G, P = 0.385s
τ = 1.1 · 105 years, χ = 23◦

Lpc from [5℄ is shown by bla
k line.
Lpc from [13℄ is shown by green line.
Lpc from [12℄ is shown by orange area

Bdip = 2.2 · 1012G, P = 0.197s

τ = 5.4 · 105 years, χ = 50◦

Lpc from [5℄ is shown by bla
k line.
Lpc from [12℄ is shown by orange area
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J1741-2054 χ = 72◦

Bdip = 7.1 · 1011G, P = 96ms, τ = 1.2 · 106 years
χ = 3◦ (on left graph) and χ = 72◦ (on right graph) [14℄Total surfa
e luminosity Ltot from [15℄ is shown by orange area.
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Bdip = 5.2 · 1012G, P = 0.68s
τ = 1.1 · 106 years, χ = 16◦

Lpc from [16℄ is shown by solid green line. Up-per limit from [16℄ is shown by dashed green line,upper limit from [11℄ is shown by orange area.
Bdip = 1.0 · 1012G, P = 0.23s

τ = 3 · 106 years, χ = 45◦

Lpc from [18℄ is shown by orange area. Lpc rangefrom [12℄ is shown by bla
k dashed area.
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Bdip = 3.96 · 1012G, P = 1.097s

τ = 4.98 · 106 years, χ = 21◦

Lpc from [19℄ is shown by orange area.
0.5Lpc range is shown by bla
k lines.

Bdip = 4.26 · 1012G, P = 1.19s
τ = 5.04 · 106 years, χ = 55◦

Lpc from [20℄ is shown by orange area.
Lpc range from [12℄ is shown by bla
k dashedarea.
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Bdip = 4.9 · 1011G, P = 0.25s
τ = 17.5 · 106 years, χ = 30◦

Lpc from [11℄ is shown by orange area andbla
k lines. Upper limits from [10℄ areshown by green lines, solid when we see one
ap, dashed when we see both 
aps.
Bdip = 3.2 · 1011G, P = 0.26s
τ = 42.5 · 106 years, χ = 50◦

Lpc from [22℄ is shown by orange area
Con
lusionFor some pulsars the gradual s
reening model predi
ts the polar 
apheating whi
h is larger than the observed polar 
ap luminosity.Possible explanations:1. Surfa
e magneti
 �eld Bsurf > 1014Gno free 
harge emissionva
uum gaps, sparks [23℄2. Inner gaps o

upy only small part of pulsar tube [24℄3. Large redshift rns < 2rg4. Vis
ous for
es at z ∼ rt [25℄Ba
k�owing radiation [26, 27, 28℄Radiation lo
ked inside inner gaps [29, 30, 31℄sound waves from neutron star interior [32℄We sin
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