
On the mean profiles of radio pulsars III:
New effects and reanalysis of individual pulsars

Hakobyan H.L., Beskin V.S.

April 15, 2015



Profile formation
Emission



Profile formation
Mean Profile

P. Weltevrede and S. Johnston (2008)



Profile formation
Hollow cone model

Hollow cone model:

the emission is formed near the surface;

the magnetic field is dipole;

no cyclotron absorption;

the polarization is formed right away.

p.a. = arctan
(

sinα sinφ
sinα cos ζ cosφ−sin ζ cosα

)
Radhakrishnan and Cocke (1969)



Profile formation
Hollow cone model

Manchester and Taylor (1977)



Propagation effects
Cyclotron absorption

ωB = γγU ω̃ (limited magnetic field)

I∞ = I0 exp (−τ)

τ = 4π2e2
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Daugherty &
Harding (1982)



Propagation effects
Limiting polarization

dΘ1

dl
= − ω

2c

(
Λ

Q
+ Λ cos [2Θ1 − 2βB(l)− 2δ(l)] sinh 2Θ2

)
dΘ2

dl
=

ω

2c
Λ sin [2Θ1 − 2βB(l)− 2δ(l)] cosh 2Θ2

Λ, δ and Q → plasmaparametersεij , and tanβB = BY /BX ;

p.a. = Θ1 and V = I tanh 2Θ2;



Results
Beskin and Philippov (2012)

Peak suppression (synchrotron absorption)



Results
Beskin and Philippov (2012)

Correlation between the signs of dp.a/dφ and V for X and O
modes.

V

I
≈ 1

|Q|
d(βB + δ)/dx

A

1

cos [2Θ1 − 2βb(l)− 2δ(l)]
.

Andrianov and Beskin (2010)

Signs of d(βB + δ)/dx and dp.a/dφ are opposite, hence

* X-mode: signs of V and dp.a/dφ are the same;

* O-mode: signs of V and dp.a/dφ are opposite;



Results
Beskin and Philippov (2012)

(dp.a./dφ)max shift from the center.



New phase
Density function modification



New phase
Large toroidal field

Philippov, Tchekhovskoy and Li (2014).

iA > (ΩR/c)−1



Profiles
Standard profiles

Profiles for 45◦ (edge and central transition).



Profiles
Extreme angles

Profiles for 10◦ and 90◦.



Profiles
Large toroidal magnetic field

Figure: Toroidal field multiplication parameter {0→ 1}.



Discussion
Central hump



Discussion
P.A. curve width



Discussion
P.A. curve width

Figure: rem = {10R → 60R}.



Discussion
V sign transition

Figure: Toroidal field is ON (×0.02)



Conclusions

Strong asymmetric current can affect the sign of the circular
polarization.

The emission region for a given frequency can be wide 100R.

It is possible to do speculate about the geometry of the pulsar
according to simulations of polarization characteristics.



Appendix 1
Density function

g(f ) =
f 2.5 exp (−f 2)

f 2.5 + f 2.50

→ g(f ) = e−f
2

tanh
(

(f /f0)6
)

Figure: f0 = {0.1, 0.2, 0.4, 0.6, 0.8}



Appendix 1
Density function

Figure: Profiles comparison for f0 = {0.1, 0.2, 0.4, 0.6, 0.8}. The upper
plots are for an ”old” function, the lower plots are for the ”new” one.



Appendix 2
Pulsars with interpulses

PSR J1302-6350: P = 0.047 sec, B0 = 3× 1011 G, ω = 1.4 GHz.



Appendix 3
PSR B0943+10

PSR B0943+10: P = 1.1 sec, B0 ≈ 1012 G, ω = 0.33 GHz.


	Hollow cone model

