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Radio pulsar-magnetar links

1. 5 radio-loud magnetars
2. burst from a high-B pulsar (radio quiet, Gavriil et al. 

2008), a radio-loud high-B pulsar PSR J1119-6127 
(Archibald et al. 2016; Gogus et al. 2016)

3. discovery of low-B magnetars (Rea et al. 2010; Zhou 
et al. 2014)

4. a possible magnetar wind nebula (Younes et al. 2016)
5. Magnetars with a 6.6 hour period (D’Ai et al. 2016; 

Rea et al. 2016)
6. Accreting magnetar candidates: ULX pulsars, long 

period X-ray pulsars, etc
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Content (1/2)

1. XTE J1810-197: first radio magnetar
2. 1E 1547.0-5408: 
3. PSR J1622-4950: radio-loud magnetar
4. SGR 1745-2900: Galactic center magnetar, long 

term gradual decay
5. Swift J1818.0-1607: a very young radio 

magnetar
6. SGR 1935+2154: giant radio pulse?
7. 1E 1048.1-5937: repeated and delay torque 

variations, possible glitches, net spin-down
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Content (2/2)

8. spin-down glitches in 1E 2259+586, 4U 
0142+61 etc (anti-glitch is no longer used)

9. phase modulation (or precession in 
magnetars?) in 4U 0142+61 etc
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XTE J1810-197
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outburst decay over 10 years
Alford & Halpern 2016



Spin-down history of XTE J1810-197

Levin et al. 2019
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1E 1547.0-5408
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Camilo+ 2008:
Decreasing X-ray flux vs.
Increasing torque
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Long term flux and 
Torque evolution

Pdot ~ 4.77*10^-11

Dib et al. 2012
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Long term flux evolution:
Not back to the previous 
Quiescent state?

Pdot~1.9*10^-11 
2.5 times lower

The torque first increase, 
Then decreases. Similar to
1E 1048.1-5937

Coti Zelati et al. 2020
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Lower flux →Harder spectra
Coti Zelati et al. 2020



PSR J1622-4950
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15

Radio flux decay and torque decay: positive correlation
(Levin et al. 2012)



16

Long term radio flux evolution and disappearance
(Scholz et al. 2017)
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Long term torque evolution: variation by a factor of 8 (Scholz et al. 2017)
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Revival of PSR J1622-4950:
Variation of nudot by a factor of 7

Decaying X-ray flux

(Camilo et al. 2018)



SGR 1745-2900
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Rea et al. 2020, flux decay of three radio emitting magnetars
The horizonal line is the historical quiescent level→diversity of magnetar
outburst
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Rea et al. 2020

Outburst decay of 
SGR1745-2900

A single BB component
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Rea et al. 2020

Timing behavior of SGR 
1745-2900: 
Increase by a factor of 4 over 
6 years
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Rea et al. 2020

Evolution of pulse 
profile→increase of pulse 
fraction



1E 1048.1-5937
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1E 1048.1-5937

Archibald et al. 2020, arXiv:2001.06450

Swift observations

Glitches at the 2016/2017 outburst

Net spin-down, with a Q factor about 20

Transient hard X-ray emission, also found 
in outburst in SGR 0501+4516 and SGR 
1935+2154, 
and in magnetar outburst in PSR J1119-
6127 
and in persistent magnetars
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Long term timing behaviors of 1E 1048.1-5937, Archibald et al. 2020



Observational summary: Other magnetar outburst light curve: Coti Zelati et al. (2018)
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Theoretical summary: twisted magnetosphere
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Theoretical summary:
Tong & Huang 2020, MNRAS, 497, 2680

Outburst of PSR J1119-6127

Toy model for flux, hot spot
and torque evolution

Especially for the observers



More materials:
Spin-down glitches in magnetars



Anti-glitch of magnetar 
1E 2259+586

● Archibald+ (2013), Nature
Anti-glitch

14 days interval
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Anti-glitch in SGR 1900+14

● Woods+ 
(1999)
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Net spindown of PSR J1846-0258
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Livingstone+ (2010)

Q=8.7



Modeling anti-glitch 

1.Lyutikov (arXiv:1306.2264): corona-mass-
eruption-like model

2.Tong (1306.2445): wind braking

3.Katz (1307.0586): retrograde accretion

4.Ouyed+ (1307.1386): retrograde accreting 
quark-nova remnant

5.Huang+ (1310.3324): collision by a small body 

Model 1& 2 are in the magnetar domain
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Wind braking

Particle wind luminosity:

A little higher than the star’s persistent X-ray luminosity: 

2*10^34 erg s^01
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Anti-glitch in the 
wind braking scenario

1.Due to an enhanced particle wind

2.Anti-glitch always accompanied by radiative 
events

3.No anti-glitch, but a period of enhanced 
spindown

● Future anti-gltich without radiative event or a 
very small timescale can rule out the wind 
braking model
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Woods+ 2007

bursts

A period of enhanced 

spindown
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SGR 1806-20



If …

• Anti-glitch: due to a stronger particle wind

• ? ? ? ? ? ?: a weaker particle wind/the particle 
wind disappeared

Spindown behavior of intermittent pulsars
Li, Tong+, arXiv:1312.1016
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Camilo+ 2012

Looks like 

a spin-up event
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Subsequent progresses

• Spin-down glitches in 4U 0142+61 (Archibald+ 
2017)

• PSR J1119-6127 (high-B pulsar with magnetar 
activities) (Dai+2018, radio timing and pulse 
profile; Archibald+2018: X-ray outburst and 
timing)

• Enhancing or decreasing torques in SGR 1806-
20 or SGR 1900+14 (Younes+2015; Tamba+ 
2019)
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Spin-down glitches in 
4U 0142+61
Archibald+ 2017
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Changes in pulse 
Archibald+ 2017
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Spectra evolution
Archibald+ 2017
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Flux decay (Archibald+ 2017)
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Short term flux enhancement and burst (Archibald+ 2017)



46

Reported spin-down glitch (Archibald+ 2017 and references therein)

→magnetospheric origin
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Spin-down glitch as glitch over-recovery: (Archibald+ 2017)

→The global picture: 
(1)glitch in a magnetar triggers magnetospheric activities
(2)Enhanced magnetospheric torque
(3)spin-down glitch (or glitch overrecovery)



PSR J1119-6127 (Dai et al. 2018)
• high magnetic field, rotation-powered, radio pulsar
• intermittent pulse component after glitch 

(Weltevrede et al. 2011)
• possible change of braking index after another glitch 

(Antonopoulou et al. 2015)
• Magnetar-like X-ray bursts observed on 2016 July 

27/28
• Increase of X-ray flux by a factor 160, a large glitch 

(Caution!) (Archibald et al. 2016)
• radio emission quenched, reappeared 2 weeks later 

(Majid et al. 2017 )
• A brighter nebula (Blumer et al. 2017)
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spin and flux evolution of J1119
Dai+ 2018
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Timing evolution of PSR J1119-6127
(Archibald+ 2018)
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Enhanced torque in
SGR 1806-20
Younes+ 2015
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Torque evolution
Younes+ 2015
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Decreasing torque in 
SGR 1900+14

Tamba+2019

(SGR 1806-20/1900+14
Both have giant flares)
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Tamba+ 2019
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Relationship between glitches and magnetar outburst (Hu & Ng 2019)
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Possible signatures of phase modulation (free precession): 
Makishima et al. 2019 and references therein
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Future works 

1. Magnetar outburst in the globally twisted 
magnetosphere: magnetars vs. pulsar, spin-
down glitch vs. glitch, outburst decay

2. Wind braking of magnetars in a twisted 
magnetic field

3. Precession due to a fallback disk?

61


