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Isolated radio pulsars

A cartoon of radio pulsar

Radiopulsar:

•  is a neutron star


•has a magnetic filed ~ 1012 G


•emit in radio band above its 
magnetic poles


• is observed as periodic 
pulses due to «lighthouse 
effect»

Wang et. al., 2023

Credit: Roy Smith
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P. A.

An example of mean intensity and 
polarisation profile  



Mean intensity profiles

Single-humped intensity profile Double-humped intensity profile

 Data from B. Posselt et. al., 2023
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Orthogonal emission modes— 
observations

 B. Posselt et. al., 2023 Keith et al., 2026
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Orthogonal emission modes— 
observations

 B. Posselt et. al., 2023 Keith et al., 2026
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Two orthogonal modes — O (ordinary) 
and X (extraordinary)

  O-mode — electric field vector lies 
in (k, B) plane


  X-mode — electric field vector is 
perpendicular to (k, B) plane

Orthogonal emission modes— theory

  O-mode — deflects from 
magnetic axis


  X-mode —  propagates 
rectilinearly

6



  O-mode — usually creates 
double-humped mean intensity 
profiles, which are on average 

wider  


  X-mode — usually creates 
single-humped mean intensity 
profiles, which are on average 

narrower

Beskin V. S., Philippov  A. A, MNRAS, 425, 2, 814 (2012)

Orthogonal emission modes— 
predictions

O

X
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Dominant mode identification — 
theory
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RLС ~ 100 - 1000 Rs

Ω

Polarization 
«follows» the 
magnetic field 

Vacuum-like 
propagation

Escape radius, <latexit sha1_base64="TUfxI6NqYLYJHyLX809jCN8y098=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEqsuiG5cV7APaECbTaTt0MgkzE6XEfIobF4q49Uvc+TdO2iy09cDA4Zx7uWdOEHOmtON8W6W19Y3NrfJ2ZWd3b//Arh52VJRIQtsk4pHsBVhRzgRta6Y57cWS4jDgtBtMb3K/+0ClYpG417OYeiEeCzZiBGsj+XZV+ukgxHoiw5QqkmUV3645dWcOtErcgtSgQMu3vwbDiCQhFZpwrFTfdWLtpVhqRjjNKoNE0RiTKR7TvqECh1R56Tx6hk6NMkSjSJonNJqrvzdSHCo1CwMzmadUy14u/uf1Ez268lIm4kRTQRaHRglHOkJ5D2jIJCWazwzBRDKTFZEJlpho01Zegrv85VXSOa+7jXrj7qLWvC7qKMMxnMAZuHAJTbiFFrSBwCM8wyu8WU/Wi/VufSxGS1axcwR/YH3+ALFdlEs=</latexit>resc

Kravtsov-Orlov equations

Lyubarskii, Y. E. & Petrova, S. A. (1998)

Philippov, A. A. & Beskin, V. S. (2012)

Hakobyan, H. L., Beskin V. S., 
Philippov A. A. (2016)

Circular polarization is connected 
with the P. A. evolution

Kravtsov Yu.A. & Orlov Yu.I. (1990)

https://scixplorer.org/search?p=1&q=author%3A%22Hakobyan%2C+H.+L.%22&sort=score+desc&sort=date+desc


Dominant mode identification — 

procedure

dp.a./dφ < 0

V > 0

О - mode X - mode

V > 0

dp.a./dφ > 0

Identification of the dominant emission mode. The data 
is taken from  B. Posselt et. al., 2023

From the emission transfer 
equations analysis (Kravtsov-Orlov 
equations): 


О-mode — signs of circular 
polarisation and position angle 
derivative are opposite 

X-mode — signs of circular 
polarisation and position angle 
derivative are the same 

A. S. Andrianov, V. S. Beskin, 2010 
V. S. Beskin, A. A. Philippov, 2012 
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FAST and MeerKAT data

FAST

Wang, S. Q., Wang, J. B., Li, D. Z., et al., RAA, 23, 

104002 (2023)

MeerKAT

 B. Posselt et. al., MNRAS, 520, 4582 (2023) 
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FAST and MeerKAT data

FAST

Wang, S. Q., Wang, J. B., Li, D. Z., et al., RAA, 23, 

104002 (2023)

MeerKAT

 B. Posselt et. al., MNRAS, 520, 4582 (2023) 
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Subsamples
Selection criteria:


• High singal-to-noise ratio


• Single-humped or double-

humped profile


• Monotonous P.A. profile


• Only one dominant emission 

mode (no orthogonal jumps)


• Not a millisecond pulsar


FAST: 114/682 pulsars 
MeerKAT: 421/1270 pulsars 

B. Posselt et. al. (2023) 12



Widths of the mean intensity profiles

W10

W50

WX —  profile width on X% level with 
respect to the peak intensity 

B. Posselt et. al. (2023) 
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W50

W10

W50

W10

Caveats:



Normalised profile widths distributions

Anderson-Darling p-value = 0.002
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N = Xs+Xd+Оs+Od

F. A. Kniazev et. al. (2024)



Conclusions

• The procedure of mode identification allowed splitting the pulsar 
sample into two subsamples with different statistical properties


• Double-humped profiles are more frequently formed by the O-mode, 
while single-humped by the X-mode


• Mean intensity profiles formed by the O-mode are on average wider 
than profiles, formed by the X-mode
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Widths of the mean intensity profiles

W10

W50

WX -  profile 
width on X% level 
with respect to 
peak intensity 

B. Posselt et. al. (2023) 

Ω

β

χ

ρ0
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Dependency on the pulsar period
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