
The Vela pulsar has  
two sharp peaks (P1 
and P2) with a phase  
separation of 0.42 in  
the light curve, and a 
third peak (P3) in the 
bridge. The locations  
and intensities of P3  
are energy dependent.
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The annular gap model is used to explain the multi-wavelength pulsed emission, including gamma-ray emission from both 
young and millisecond pulsars detected by the sensitive Fermi Gamma-ray Space Telescope.


 

We can self-consistently reproduce the main features of gamma-ray pulse profiles as well as spectra, and explain the 
phase-lag between the gamma-ray emission and radio emission. The third gamma-ray peak in the bridge of the Vela pulsar 
profile and gamma-ray spectra can be well explained by our annular gap model.


 

The multi-wavelength (radio to TeV band) light curves and spectra of the Crab pulsar can be well calculated by the annular 
gap model.  The TeV emission detected by MAGIC and VERITAS is originated from ICS of pairs.


 

We find that a pulsar formed from the accretion-induced collapse (AIC) process of a massive white dwarf can have a spin 
period as low as 0.1 ms. Finding a submillisecobd pulsar with a peiod less than 0.5 ms is a clear, direct-observational and 
model-independent method to distinguish quark stars from neutron stars.



 

P1 and P2 are generated in the annular gap region near  null chaP1 and P2 are generated in the annular gap region near  null charge rge 
surface. P3 and bridge emission are mainly generated in core gapsurface. P3 and bridge emission are mainly generated in core gap region. region. 


 

Intensities and locations of P3 at different energy bands depenIntensities and locations of P3 at different energy bands depend on d on 
emission altitudes in the core gap region. emission altitudes in the core gap region. 


 

Radio emission should be generated in a highRadio emission should be generated in a high--altitude narrow region altitude narrow region 
of the annular gap, which leads to a phase lag ~0.13 prior to P1of the annular gap, which leads to a phase lag ~0.13 prior to P1..

Polar Cap:Polar Cap: rrcapcap = R(= R(ΩΩR/c)R/c)1/21/2, here R is neutron star radius, and , here R is neutron star radius, and 
ΩΩ is the angular velocity (is the angular velocity (ΩΩ = 2= 2ππ/P, P is spin period of a pulsar. /P, P is spin period of a pulsar. 

Core Gap (CG) Region:Core Gap (CG) Region: near magnetic axis is defined by the near magnetic axis is defined by the 
critical field lines (CFL): critical field lines (CFL): rcorercore = 0.74 R(= 0.74 R(ΩΩR/c)1/2. R/c)1/2. 

Annular Gap (AG) Region:Annular Gap (AG) Region: between CFL and the last open field between CFL and the last open field 
lines: lines: rannrann = = rcaprcap −−

 

rcorercore = 0.26 R(= 0.26 R(ΩΩR/c)1/2. It is negligible for R/c)1/2. It is negligible for 
older long period pulsars, but very important for pulsars with aolder long period pulsars, but very important for pulsars with a 
small period, e.g., millisecond pulsars and young pulsars. small period, e.g., millisecond pulsars and young pulsars. 

Acceleration electric field along 
a field line in the annular gap 
region decreases with height 
and vanishes near the light 
cylinder. Considering emission 
from both primary particles and 
secondary particles (pairs), we 
calculate the phase-averaged 
spectrum and phase-resolved 
spectra for the Vela pulsar.  
Emission at the high-energy 
GeV band originates from the 
curvature radiation of 
accelerated primary particles. 
Synchrotron radiation from  
secondary particles contributes 
somewhat to the low-energyγ- 
ray band (0.1–0.3 GeV).
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The jointly modeled pulse profiles for 
both gamma-ray (right panel) and radio 
profile (left panel) for the Vela pulsar. 
This is determined by the reasonable 
inclination angle and viewing angle.

Pulsar Magnetosphere

Gamma-ray phase-resolved spectrum for Vela 
Four phase-band gamma-ray 

phase-resolved spectra for Vela 

The multi-wavelength pulsed  
emission from the Crab pulsar  
can be well modeled with the AG 
and CG model. The  phase- 
averaged spectrum and phase- 
resolved spectra from soft X-ray 
to TeV bands are produced by 
four components: synchrotron  
radiation from CR- and ICS- 
induced pairs dominates the X- 
ray band to soft γ-ray band (0.1 
keV to 10 MeV); the curvature  
radiation and synchrotron  
radiation from primary particles 
mainly contribute to the γ-ray 
band (10 MeV to ~20 GeV); ICS 
from the pairs significantly  
contributes to the TeV band  
(~20–400 GeV).

The pulsed radio, X-ray, γ-ray, and TeV emission are mainly generated from 
emission of primary particles or secondary particles with different emission 
mechanisms in the nearly similar region of the AG located in the only single 
magnetic pole, which leads to the nearly “phase-aligned” multi-wavelength 
light curves. The emission of P1 and P2 originates from the AG region near the 
null charge surface, while the emission of the bridge primarily originates from 
the CG region.
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