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Abstract
Synchrotron  radiation  in  low  magnetic  fields  has  
been well understood for decades[1][2][3]. In high  
magnetic  fields,  the  generally  accepted  model  
predicts  that  the  circular  polarization  of  the  
emission is greater than 100%, an unphysical result.  
Here a new model is developed for emission which  
addresses this problem [4].

1. Introduction
Non-thermal optical emission occurs from a number 

of astrophysical sources such as active galactic nuclei 
(AGN) and rapidly rotating neutron stars (pulsars).  The 
generally  accepted  emission  process  is  incoherent 
synchrotron  radiation.  The  incoherent  synchrotron 
model  was  developed  in  the  sixties  [1][2][3]  in 
relationship to Jupiter, where the magnetic field is low.

While most astronomical sources have low magnetic 
fields (<1 Gauss), pulsars have extremely high magnetic 
field  strengths  (1012 Gauss  at  the  surface).  Some 
pulsars, e.g. the Crab, strongly emit non-thermal optical 
radiation. 

The previous model for the incoherent synchrotron 
radiation was developed by Westfold in 1959 [1], with 
follow up work by Legg and Westfold in 1968 [2], and 
by Gleeson, Legg and Westfold in 1974 [3]. Applying 
this model to pulsars can give unphysical results.   In 
particular  for  high  magnetic  fields  the  circular 
polarization becomes greater than 100% (Fig. 1).    This 
has led to problems with interpreting optical emission 
from high magnetic field pulsars.  

2. Pulsars
Pulsars are one of the end points  of a main sequence 

star.  In  a  neutron  star  matter  is  incredibly  densely 
packed, with approximately 1.4 times the mass of the 
sun  in  a  volume  approximately  the  size  of  Galway. 
Despite  the huge gravitational  fields  (of  the  order  of 
1011 times  that  of  the  earth)  the  surroundings  of  the 
neutron star (known as the magnetosphere) are entirely 
dominated by the star's magnetic field.

While the majority of pulsars known are strong radio 
emitters, pulsars emit at all frequencies.   Understanding 
the process of pulsar emission is important, as the kind 
of extreme physics which occurs in the surroundings of 
a neutron star are impossible to reproduce on Earth.  

Here  a  new  model  for  incoherent  synchrotron 
emission is derived [4].   At high magnetic fields, this 
predicts  that  the  circular  polarization  will  rise  with 
magnetic field strength to a maximum of approximately 

15%,  before  decreasing  to  zero  at  extremely  high 
magnetic fields (1011 Gauss).

Figure 1: Circular polarization predicted by the LW 
[2]  model  and the DS [4]  model  of   synchrotron 
emission. 

3. Conclusions
Pulsar  high  energy  emission  is  still  not  fully 

understood  after  more  than  40  years  of  work.    By 
expanding  the  model  for  incoherent  synchrotron 
radiation  to  high  magnetic  fields,  optical  emission 
features can be used to constrain the emission location. 
Current  instruments,  e.g.  GASP [5],  are  now able  to 
measure  the linear  and circular  polarization of  pulsar 
emission. These instruments are on the verge of being 
able to distinguish  between emission theories.
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