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some concepts for slides describing transitional millisecond 
pulsars are taken from presentations by Alessandro Papitto and 
Diego Torres



Introduction
A millisecond pulsar (MSP) is a pulsar with a rotational period in the 
range of milliseconds. 

Milliseconds
PSR J1748-2446 is the fasted-spinning pulsar known, with a spin frequency of ~1.4 ms 
(716 Hz). At its equator it is spinning at approximately 24% of the speed of light, 
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A millisecond pulsar (MSP) is a pulsar with a rotational period in the 
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Mid ‘70s – accretion driven spin up to ms periods proposed 
[Bisnovatyi-Kogan & Komberg 1974]                                         

1982 – First ms radio pulsar [Backer + 1982]                                                                                   
The recycling scenario [Alpar+ 1982, Rhadhakrishnan+ 1982]

1988 – First ms radio pulsar ablating the companion [Fruchter 1988]
1998 – First accreting millisecond pulsar [Wijnands & van der Klis 1998]
2009 – First ms radio pulsar with a past faint accretion disk 

[Archibald+ 2009]
2013 – First ms pulsar switching between accretion and radio pulsar  

state [Papitto+ 2013]
2013/14 – Transitions from ms pulsar to faint accretion disk state  

observed in the two directions 
[Bassa+ 2014, Patruno+ 2014, Roy+ 2014, Stappers+2014]

2014 – Accretion powered X-ray pulsations observed in the sub-
luminous disk state [Archibald+ 2015, Papitto+ 2015]







Millisecond pulsar has three state:

Transitional millisecond pulsar is millisecond pulsars showed transitions 
between different states. 

Currently only 3 transitional millisecond pulsars are detected:                                       
PSR J1023+0038, IGR J18245-2452 (M28 I), PSR J1227-4859

Period (second)

M28 I
PSR J1023+0038
PSR J1227-4859



PSR J1023+0038 have shown indirect evidence of transitions

9

Accretion disk in 2000-2001
(but faint in X-rays, no pulses)

A ~1.7 ms Radio PSR in 2009

Implying that a state transition must have occurred, 
even if unobserved (Archibald et al. 2009)



Another transitional pulsar: PSR J1227-4859 (twin of J1023)

Bogdanov et al. 2014







Reactive of the radio pulsar

• Weak radio pulsar signal (~10-50 microJy) detected less than 
two weeks since the end of the X-ray outburst (GBT, PKS, WSRT)





• State transitions usually takes years to weeks
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Why millisecond pulsar binary?
• Considering their smaller scale than most populated 

gamma-ray sources (supernova remnant, globular cluster et 
al.), millisecond pulsar binary are extremely efficient 
particle accelerators.

• Binary systems give access to different physical conditions 
on relatively short periodic time scale. It allows access to 
different conditions for efficient particle acceleration along 
orbit and chance to study repetitions and divergence from 
repetition.



• State transitions usually takes years to weeks



• Gamma-ray emission in radio millisecond pulsar.

(1) Gamma-ray pulsation

Many of the millisecond pulsars are                                                                     
gamma-ray pulsars                                                                                                               
(Abdo et al. 2013, Femi second Pulsar                                                                         
catalog)

Cromartie et al. 
(2016)

Gamma-ray pulsation of millisecond pulsar binary 
J1311-3430 (Pletsch et al. 2012)



• Gamma-ray emission in radio millisecond pulsar

(2)  Pulsar wind-stellar wind collision induced gamma-ray emission

Because of limited statistics, only hints of shock-induced gamma rays are 
observed by Fermi/LAT for 6 millisecond pulsars in binary at the ~ 3 sigma 
level 



• Gamma-ray emission in radio millisecond pulsar

(2)  Pulsar wind-stellar wind collision induced gamma-ray emission

e.g. the hint of gamma-ray 
emission from shock in PSR 
B1957+20 (Wu et al. 2012)

Model predicted gamma-ray 
emission from shock in PSR 
J1816+4510 (Bednarek 2014) 



• Gamma-ray emission in transitional millisecond pulsar



• During state transitions, the gamma-ray flux of millisecond pulsars 
may change by a factor of ~2-5  

PSR J1023+3308 PSR J1227-4859

Radio PSR on
Radio PSR 

on

Gamma-ray emission observed with Fermi/LAT could be a very good tracer of the 
state transitions of millisecond pulsars. 





• Redback and black widow are spiders that eat their companions.

Candidate of transitional millisecond pulsars



• Redback and black widow pulsars (RBs & BWs) are close millisecond pulsar 
binaries (orbital period < 1 day), consisting of millisecond pulsars and low-
mass stars  (RBs, Mcompanion ~ 0.2-0.4 Msun; BWs, Mcompanion << 0.1 Msun).

• They are the candidates of transitional millisecond pulsars. 

• All three confirmed transitional millisecond pulsars are all RBs.

Candidate of transitional millisecond pulsars



• Redback and black widow pulsars (RBs & BWs) are close millisecond pulsar 
binaries (orbital period < 1 day), consisting of millisecond pulsars and low-
mass stars  (RBs, Mcompanion ~ 0.2-0.4 Msun; BWs, Mcompanion << 0.1 Msun).

• They are the candidates of transitional millisecond pulsars. 

• All three confirmed transitional millisecond pulsars are all RBs.

Candidate of transitional millisecond pulsars



• We have carried out Fermi/LAT data analysis of the 12 confirmed RBs and 
the 18 confirmed BWs to search for new transitional millisecond pulsars.

Candidate of transitional millisecond pulsars



• Gamma-ray emission from RBs and BWs could originate from:                               
(1) gamma-ray pulsation                                                                                                         
(2) shock between stellar wind and pulsar wind                                                        
(3) state transition

• With 7 years of Fermi/LAT Pass 8 data, 11 out of 12 RBs, and 15 out of 18 
BWs are significantly detected in the 0.1-300 GeV band.
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• Gamma-ray emission from RBs and BWs could originate from:                                                

(1) gamma-ray pulsation                                                                                                    
Many of the RBs and BWs are know gamma-ray pulsars and gamma-ray 
pulsation are expected to be steady (except for PSR J2021+4026, Allafort et 
al. 2013).

(2) shock between stellar wind and pulsar wind                                                                 
Shock emission could be orbital modulated and haven’t been detected to 
show long term variability

(3) state transition                                                                                                       
During state transitions of the few transitional millisecond pulsars known, 
their gamma-ray flux was observed to vary by a factor of 2 to 5                   
(e.g. PSR J1023+0038, PSR J1227-4859). 

To search for possible state transitions in all RBs and BWs, we produced 
long-term light curves for all systems in Table 1. with a time bin of 60 days
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This timescale was earlier used to analyze the known transitional pulsars 
and candidates (e.g., Stappers et al. 2014, Bogdanov & Halpern 2015, also 
Bogdanov 2015).

It is also a sensible one for most of the average values of fluxes.

The known transitions of PSR J1023+0038 and PSR J1227-4859 are detected

演示者
演示文稿备注
: if significantly smaller than this timescale, there would be too few counts per bin in many cases; if significantly larger than this timescale, there would be too few bins to discuss the light curve evolution and transitions of duration of several months could be missed.



• However, no transition was discovered except for the known 
cases of PSR J1023+0038 and PSR J1227-4859.
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• Because of the different flux among sources, 60 days may not be the 
optimum time bin for individual source. 

• For individual source, we take the overall average flux and carried out 
simulations to estimate the time bin in which the source will be detected 
with TS =25 (~5 sigma significance), assuming there is no flux variations.

TS value
(significance)

Simulated observation time (days) 

25
(~5 sigma)



• Light curves binned in these time scales are produced                                                   
and flux variations are detected in several sources. 

• J1446-4701 and J2234+0944 are the two best                                                                
candidates for transitional millisecond pulsars. 

PRELIMINARY



• Gamma-ray emission in accreting millisecond pulsar





• Is there any gamma-ray emissions from accreting ms pulsar?

• Is there any state transitions in these accreting ms pulsar?



43

Is a radio pulsar or gamma-ray pulsar turning on during 
quiescence (L~1032-33 erg/s)?

Is there a swing between pulsar state and sub-disk state?

A case study: SAX J1808.4-3658  



44

SAX J1808.4-3658: a coincident source, but no pulsations  

A candidate gamma-ray 
counterpart for SAX J1808.4-3658 

A detection of gamma-ray 
pulsations from SAX J1808.4–
3658 would imply rotational-
powered activity in quiescence 
mode 

Accurate search for gamma-ray 
pulsations did not yield to a 
detection 
Lg =(3.5+/-0.3) x 1033 erg cm-2 

→ ~30% of the spin down power 
of SAX J1808.4-3658 could go into 
gamma-rays

[de Oña, Papitto, Li, 
Rea, DFT, et al MNRAS 2016]
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Information to take away

• 1. Millisecond pulsars binaries are gamma-ray emitters.

• 2. Millisecond pulsars binaries may transit between 
different states (radio pulsar state, sub-luminous state, 
accreting state). 

• 3. The gamma-ray emitting processes are different in 
different states/different millisecond pulsars

• 4. Only three transitional millisecond pulsars binaries are 
known. We searched for new ones and proposed two 
candidates (PSR J1446-4701; PSR J2234+0944). 



Thank you!
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