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Swings between accretion and rotation  power  
in binary millisecond  pulsars 



Transitional millisecond pulsars  

     Radio ms Pulsars   X-ray ms Pulsars      
Magnetic field rotation    Mass accretion 
  
   
 
 
 
 
 
 

Transitional fossils  
ŗ(ŏ) any fossilized remains of 
a life form that exhibits traits  
common to both an ancestral  
group and its derived  
descendant group.Ř 
Freeman & Herron (2004),  
Evolutionary analysis 
 
 
 
 

   
  
 
 
 

Archaeopterix 



Rotation powered (radio) pulsars  

Credits: NASA's Goddard Space Flight Center 



The fundamental plane of pulsars  The fundamental plane of pulsars  

Accretion powered spin-up 

Millisecond pulsars  
[Backer+ 1982 Nature]  

 

- weakly magnetized  
 

- often found in  
  globular clusters  
 ɣ old systems 



The fundamental plane of pulsars  

Accretion powered spin-up 

Millisecond pulsars  
[Backer+ 1982 Nature]  

 

- weakly magnetized  
 

- often found in  
  globular clusters  
 ɣ old systems 
 

- often in binaries 
 
Bisnovatyi-Kogan & Komberg 1974 
Alpar+, Radhakrishnan+ 1982 

Dipole rotation spin -down 

Accretion powered spin -up 



Spinning up neutron stars  

Credits: NASA's Goddard Space Flight Center 



 
X-ray luminosity ~ few x 10 36 erg/s ɣ accretion power 

A new transient in M28, IGR J18245 -2452 

 
 
 
 

  

Chandra HRC 

2006 March 2013 



 
 
 
 

  

XMM discovery of an accreting millisecond pulsar  

XMM -Newton  
 

Pspin = 3.9 ms  
Porb = 11.0 hr  
Mcomp ~ 0.2 Msun  



 
 
 
 

  

XMM discovery of an accreting millisecond pulsar  

XMM -Newton  
 

Pspin = 3.9 ms  
Porb = 11.0 hr  
Mcomp ~ 0.2 Msun  



  

Discovery of a transitional pulsar   

Radio PSR (rotation power)       X-ray pulsar  (accretion power) 
 
 
 
 

  
  
 
 
 
 
 
 

         
 
       
       

      Papitto  et al. 2013,  
      Nature , 501, 517  
 

 
 
 
 

    

 
 



Reactivation of the radio pulsar  

 

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

X-ray 
PSR 

Radio PSR  
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M28: a decade of observations  

Radio pulsar  faint and irregularly eclipsed  
 

Past accretion events (X-ray & optical brightening)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Papitto+ 2013  
Pallanca+ 2013  
Linares+ 2014 
 
 
 
 
 
 
 
 
 
 

X-ray outburst  

Radio PSR  

X-ray   brightening  

X-ray quiescence 
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High Mass in -flow rate:  
Gravity dominates  
 

ɣ accretion powered X-ray PSR 
 

Stella+ 1994; Campana+ 1998; Burderi+ 2001 

Credits: NASA's Goddard Space Flight Center  

Low Mass in-flow rate:  
Magnetic field dominates  
 

ɣ rotation powered Radio PSR 

Swings driven by mass in -flow rate variability  



IGR J18245-2452: X-ray flux variability  

XMM-Newton light curve  
 
 

Ferrigno, Bozzo, Papitto , Rea +, A&A, 2014,  



IGR J18245-2452: X-ray flux variability  

 
 
 
 

Very Low Frequency Noise 
P(f) ~ f -1.3 

RMS Amplitude > 90%  
 
 
 

cut off < 10 -4 Hz  
 
 accretion rate    fluctuations    at the outer disk?    
[Lyubarskii 1997] 
 



Two flux states  

 
 
 

Low State  
High State  



Propeller inhibition of accretion ? 

 
 
 [Romanova+ 2008 ] 



IGR J18245-2452: patterns of variability  

Average spectrum is hard ( Comptonization  with ƨ~1.4) 

High state - Larger  flux;  
constant hardness;  
stronger pulse profile  
 

Low state - Lower flux;  
variable hardness;  
weaker pulse profile  

A stronger  
inhibition of accretion?  



IGR J18245-2452: variable radio emission  

ATCA - Radio  

Swift XRT  X -ray 


