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Emission cones 

Ring-like cross section 

of plasma flow 

Radio beam model – conal beam 

Assumption: narrow band emission 

(single-frequency emission is  

generated at a given altitude ) 

(Rankin 1983 … 2017 )  



Scattered Plasma 

Radio beam model – patchy beam 

Randomly bright patches  

in the emission window 

(Lyne & Manchester 1988)  



Bright stripes 

originated from  

flux tubes 

Plasma flow 

along flux tubes 

Radio beam model – fan beam 

Assumption: broadband emission 

(multifrequency emission is  

generated at a given altitude ) 

(Michel 1987, Dyks et al. 2010, Wang et al. 2014 …)  



Polar Cap 

flux tube 

Rotation 

Axis 

Neutron Star 

Pulse Profile 

sub-beam 

Wang et al. 2014, ApJ 

 

Chen & Wang 2014, ApJS 

 



Polar Cap 

Model Pulse Profile 



The beam structure depends on particle flow & emission process 

Density distribution of particles above the polar cap 

2-D beam structure for the B2 particle distribution 



Precessional Binary Pulsars (Kramer et al. 2012 review)  

All the monitoring are between 400MHz and 1400MHz. 

High frequency beam structure is unknown. 
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Test 1  2-D beam structure  of precessional pulsars  

2. Observational tests 



constraints on viewing geometry from polarization position angles 

a 
b 

Rotating Vector Model (Radhakrishnan & Cooke 1969) 

a b 

Direction of  angular moment 



 

J1906+0746    Desvignes et al. 2012, 2013 



 

Reconstructed beam of J1906+0746  

 

                        Main  pulse                                   Interpulse   



Updated results:  emission beams from two poles possibly have different structure 

 

                        Main  pulse                                   Interpulse   

Rotating  

axis 
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Huang et al. in prep. 



J1141-6545 

Manchester et al. 2010 ApJ 

Parkes 



Evolution of polarization  
Updated results of J1141-6545 (1999-2014) 

Profile evolution  



PSR J0737-3093B 

Lomiashvili and Lyutikov 2014 MNRAS 

GBT 

PSR B1913+16 

Clifton & Weisberg 2008 ApJ 

Arecibo 
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 fan beam conal beam 

Model Prediction 

Test 2  Statistics. Pulse width - impact angle relationship 



64 pulsars Wang et al.. 2014 ApJ 

Fan beam Conal beam 



Updated results 

199 pulsars, Chen et al.  In preparation 

Fan beam Conal beam 



 

Statistics of the inclination angle 

123 pulsars, Chen et al. in preparation 

 
Rookyard et al. 2015 

 



The conal beam model is widely used in population studies 

of pulsars, e.g. globular cluster, gamma-ray pulsars, and 

in the studies on the detection capability of pulsars for 

SKA, FAST. 

 

The fan beam model can be used instead. 

 

 

 Population studies 

3. Other work 



Pulse width – impact angle relationship 



Intensity-radius relationship 



Fan beam Conal beam 

Wang et al. 2014  Gangadhara & Gupta 2001  

Searching for weak components in averaged pulse profiles 

Kramer et al. 1998 Yan et al. 2011 Dai et al. 2015 

B0329+54 



Summary 

• Radio emission beam models can be tested through 

both statistical and case studies. 

• Need high-sensitivity observations 


