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◆The spin period :

− Spin down rate ：

◆ The characteristic age:

◆The magnetic field ：

◆Associated SNR ：

◆ spin-down power:

s

The PSR J1119-
6127
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◆The magnetic field of PSR J1119-6127 ： ，it is around
critical field of QED .(4.4X10^13 G)

--One order of magnitude stronger than usual pulsars
--One or two order of magnitude lower than magnetars. 

◆Pulsed emission : radio, X-ray and gamma-ray (typical young pulsar)

◆Glitch : glitch in 2004 and large glitch in 2007,2016 ( typical young pulsar)
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2016 X-ray outburst
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➢ Glitch with a size ∆Ω/Ω∼ 6 × 10−6 .
➢ Fermi/GBM triggered on a burst on 2016 July 27 (trigger: 

bn160727543) located within the error box of PSR 

J1119−6127，covering a duration of 0.040s 。



Emission during the burst

• Hard X-ray emission (>10keV) were clearly 
observe  with a non-thermal component  

• Surface temperature increases from ~0.2keV to 
~1keV

• Thermal X-ray luminosity is almost 10% of the 
spin down power (no such other pulsars)

Magnetically powered outburst
By Archibald et al.2016



Motivation of this work
➢PSR J1119-6127 is the first gamma-ray pulsar that shows both 
rotation powered and magnetic powered activities:  

◆Timing evolution after the outburst?

◆How X-ray emission evolves after the outburst?

◆How X-ray outburst affects the gamma-ray emissions?
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Swift/XMM-
Newton/Nustar data

X-RAY



2018/7/8 HUST 10

Data events



Timing evolution
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Spin down rate
become larger

with time

◆ It is naturally expected that 
the spin down rate gradually 
decreases with time after 
the glitch.

during the glitch



Radio x-ray
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Dai.et al(2018)
Archibald.et al(2018)



Joint xmm-newton &nustar
spectrum
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The left panel displays the fit to the composite model of double blackbody (2BB) components. 
The right panel presents the fit to the same model with an additional power-law component (2BB+PL)

Non-thermal 
emission (powerlaw
component)
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Magnetar-like emission 
after the burst

• The emission with a very hard non-thermal 
component is also similar to the magnetar’s 
emission



evolution
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➢ The X-ray flux continuously 
decreased with time

→Surface temperature was 
almost constant (at least until 
6 months after the burst) 

→The emission size decreased.

➢ No significant no-thermal 
component was observed 
after December. 



larger hotspot replaced by the magnetized atmospheric radiation 
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Fermi data
GAMMA-RAY



Gamma ray : Fermi(LAT)
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• As  significant drop of photon flux was observed.

MJD 56900-57560 (660 days before the outburst):

F0.5-100GeV = (1.20±0.10)x10^(-11) ergs cm-2 s-1 

MJD 57566-57630 (64 days during and after the outburst):

F0.5-100GeV = 4.9x10^(-12) ergs cm-2 s-1 



Gamma-ray model
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k.S cheng 1986

• The drop of GeV flux can be explained by the change of the emission size 
at the outburst.

• GeV gamma-rays from the outer gap  (Cheng et al. 1986)

• The radiation power of the gap is on the order of :

where fgap represents a fraction of the open magnetic field lines that penetrate the 
outer gap. 



Gamma-ray theory
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gamma-ray emission
by curvature radiation

Where the energy of x-ray can be get from the observed data ,

⚫ the flux is proportional to fgap,

• The gap fraction is determined by the condition of the photon-photon pair creation process



Gamma ray flux
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• We expect that gamma-ray flux after the outburst about two order of magnitude smaller than that before 
the outburst.

• At ~6 months after the outburst, the thermal emission is quickly decreasing, which causes the recovery of 
the GeV emission. 



conclusion
➢Different from other magnetars and high-B pulsars or the previous two 
glitches occurred in 2004 and 2007 of PSR J1119, there was a large glitch 
at X-ray outburst, and then caused a drastic spin-down until August 
30,and recovery finished until the end of 2016.

➢The X-ray pulsations can be described by the contribution from two
hotspots (less than 10kev) , and the surface emission from the larger 
hotspot can be replaced by the magnetized atmospheric radiation.  

➢We discussed the gamma-ray dropped photon flux by the theoretical 
model 
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Quick Summary  

2016-08-09

Radio off

X-ray flux
Fx~10^-11 erg/cm^2/s

Radio on

X-ray flux
Fx~10^-13 erg/cm^2/s
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1. Introduction

• Glitch Mechanisms 

- A sudden release of the stress built up 

in (i) solid crust or (ii) pinned vortices in 

the superfluid interior.

(i) Starquake model (Ruderman 1969)

- Release the stress stored in solid crust. 

- Rearrangement of the solid crusts.

- Small glitch.

glitch



1. Introduction

• Glitch Mechanism 

(2) Unpinned model (Alper et al. 1984) 

- Proton and neutron superfluid at the core

- Formations of many vortices. 

- Magnetic field are pinned at vortices 

(lower energy state of the system)

- Differential rotation between the crust and 

core produces the stress at pinned vortices.

- Sudden spin up due to  unpin (large glitch). 

Dany Page et al. 

http://www.astroscu.

unam.mx/neutrones



Evolution of the pulse profile
⚫the folded light curves in the soft X-ray (< 
2.5 keV) and the medium X-ray (3– 10 keV) 
bands have no significant structure change 
with aligned pulsed peaks 

⚫Single pulse profile <10keV with a 
marginal detection of the second peak.

⚫ Pulse detection (marginal) >10keV just 
after the burst, but no detection after in
Aug

2018/7/8 HUST 31

observed on Aug. 5/6 of 2016 observed on July 28/29 of 2016 


