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I. The frequency-dependent behavior  of its 
average pulse profile



Radiation conal component，cut-out section and component fit (Lu et al. 2016, ApJ.)
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Multifrequency pulse profiles of Crab pulsar (Moffett & Hankins 1996)

• The LFC can  be seen  f rom 
0.6 to  4.8 GHz, j us t  barel y 
ab o v e  t h e  n o i s e  l ev e l  a t 
some frequencies.

• A t  2.7 GHz, t he i n t erpu l se 
disappears, then it reappears 
at 4.7 GHz, ∼10◦ ahead of its 
low frequency position.

• Then between 8.4 GHz and 
2.2 μm, the pro f i le evo lves 
f r o m  h a v i n g  o n l y  t h r e e 
components, wi th the main 
pulse miss ing, back to  two 
c o m p o n en t s ,  w i t h  m u c h 
broader MP and IP. 

• Th e MP an d  IP  d o m i n a t e 
emission in the infrared.

• At higher energies, the shape 
o f  t h e MP an d  IP r em ai n s 
virtually constant.

Multi-frequency profile of PSR B1133+16 (Lu 
et al. 2016)



I I . L on g-t er m  va r ia t ion s of r a d io p u lse 
profile of six pulsars



The integrated profiles at 1400 MHz of six 
pulsars that show long-term pulse shape 
changes. For each pulsar, the two traces 
represent examples of the most extreme 
pulse shapes observed. The profile drawn in 
the thick line corresponds to the largest rate 
of spin-down rate.

Lyne et al. 2010, Science

The observed changes in spin-
down are indeed directly related to 
changes in pulse shape. 



The average value of pulse-shape parameter 
and spin-down rate measured for six pulsars. 
The lower trace in each panel (right-hand 
scale) shows the same values of spin-down 
rate, whereas the upper trace gives a measure 
of the pulse shape, with the scale given to the 
left. W10, W50, and W75 are the full widths of 
the pulse profile at 10, 50, and 75% of the 
peak pulse amplitude, respectively

Lyne et al. 2010, Science



I I I . Long-ter m var ia t ions of X-r ay pu lse 
profiles for  the Crab pulsar



• The radio pulse profile  has shown a 
steady increase in the separation of 
t h e  m a i n  p u l s e  a n d  i n t e r p u l s e 
components at～0.62° per century.

• There are also secular changes in the 
r e l a t i v e  s t r e n g t h s  o f  s e v e r a l 
components of the profile.

• The changing component separation 
indicates that the axis of the dipolar 
magnetic field is moving toward the 
stellar equator.

The rotational separation of the IP from the MP，Lyne et al. 2013



High SNR template pulse profiles with two cycles 
of the Crab pulsar derived from the RXTE, HXMT, 
NICER and XPNAV data.



Empirical formula（Nelson et al. 1970）



Evolution of phase separation (∆) 
of two peaks for the Crab pulsar 
in the three x-ray bands

Preliminary results



Evolution of phase separation ∆ of two peaks 
for the Crab pulsar in HE, ME, LE bands.

Preliminary results



Evolution of the flux ratio 
(P2/P1) for the Crab pulsar 
in the three X-ray bands

Preliminary results



Possible interpretations for the secular  var iations of 
the pulse profile:

• Precession

• Change in Inclination angle α

• The location within the magnetosphere of the source of 
emission



Lee et al. 2010



Multi-wavelength (radio, X-ray, and γ -ray) light curves for the Crab pulsar.  (Du et al. 2012)



Modelling the pulse profile 
of the Crab pulsar using the 
AG model   

Preliminary results



Evolution of maximum emission 
heights of P1 and P2 simulated 
with the AG model in the three 
X-ray bands

Preliminary results



 IV. Summary




