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The primitive model of a radiopulsar
EM Fields

Dipole magnetic field B ∼ 1012 Gs;
Quadrupol electric field E|| ∼ ΩR

c B0 /generated by the rotation/.



The primitive model of a radiopulsar
Inclined rotator and polar cap

The last open fieldline defines the polar cap:
Rpc = ( Ω

c R)1/2R.



The primitive model of a radiopulsar
Curvature radiation and secondary plasma

Secondary plasma generation [QED: E.M. Lifshitz, et al.] :
γ + B → e+ + e− + B;
w(B, θ,Eph) ∝ sin θ;
ωcur ∼ (c/Rcur)γ

3.



The primitive model of a radiopulsar
O-X modes

Dielectric tensor for relativistic plasma with background magnetic
field (z-axis) [J.H. Taylor & R.N. Manchester (1977)] :

εij = diag{1, 1, 1−
〈

ω2
pl

γ3ω2

〉
};

θ∗ =

〈(
ω2
pl

γ3ω2

)1/4
〉

.



The primitive model of a radiopulsar
Core-conal model

Ray trajectories for different modes (core-conal model):
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Simple radiation model
Particle density

The density of generated e-p plasma near the polar cap
[V.S. Beskin, A.A. Philippov (2012)] :
ne = λg(r⊥)nGJ;

g(r⊥) =

[
1 +

(
f0R0
r⊥

)5
]−1

exp (−r2
⊥/R

2
0 ).



Simple radiation model
Other important factors

Intensity from heigth dependence: h(r) = exp
[
−A (r−Rm)2

R2
m

]
.

Curvature photon intensity: d(θ) = exp (−γ2θ2).
Four parameters are: A, γ, χ, Rm.

Finally: I =
∫

r(t)

g(r⊥)h(r)d(θ)dr .

r(t) from geometrical optics equations (with n = n1 ≡ 1 for
X-mode and n = n2 for O-mode).



Numerical integration and the results
Numerical integration

The image is being integrated on the {p1,p2} plane.
I (a1, a2, ϕ0) =

∫
r(t)

g(r⊥)h(r)d(θ)dr



Numerical integration and the results
Escape angle

For O-mode, taken g(r⊥) ≡ 1 [V.S. Beskin, et al. (1993)] :

θ⊥(∞) =
(

ΩR
c

)0.36
(

1
ω2

〈
ω2
p

γ3

〉)0.07

f 0.36
em

(
rem
R

)0.15 ∝ ν−0.14

f = c
ΩR

(
l
R

)−1
sin2 θm ∼ 1



Numerical integration and the results
Escape angle

Taken g(r⊥) ≡ 1:
O-mode: θ⊥(∞) ∝ ν−0.14

X-mode: θ⊥(∞) = Const



Results
Pictures

Picture for O-mode A = 0.5, Rm = 100, χ = 45◦, γ = 100.



Results
Plots

X and O modes respectively for A = {0.1, 1, 2}.



Results
Plots

X and O modes respectively for χ = {10◦, 45◦, 90◦}.



Results
Plots

X and O modes respectively for γ = {50, 100, 200}.



Results
Plots

X and O modes respectively for Rm = {30, 50, 100}.



Results

a method was developed for obtaining pictures of radiopulsar
in image surface both for O and X modes;

images were presented for different parameters of propagation
theory (A, χ, γ, Rm);

the dependance of the image width and its size look very
similar to those studied by [C.R. Gwinn, et al.] using
interstellar scintillations technique;

the velocity of the astrometric motion of pulsar’s emission
calculated is near to that obtained by [Ue-Li Pen, et al.
1301.7505 (2013)] by interstellar scattering speckle pattern
associated with the pulsar PSR 0834+06 (∼ 1000 km/s).
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