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LowLow--Mass XMass X--ray Binariesray Binaries

Credit: Hynes

ON (outburst):           
LX ~ 1036 - 1038 erg/s

OFF (quiescence):  
LX ~ 1030 - 1033 erg/s
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Millisecond radio pulsarsMillisecond radio pulsars
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Are NSAre NS--LMXBsLMXBs progenitors of progenitors of MRPsMRPs??

LX ~ 1029 - 1032 erg/s

Soon after MRPs were discovered 

(Backer+82) it was proposed that NS 

are spun up through accretion in 

LMXBs: “the recycling scenario”
(Alpar+82)
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Yes, most NSs in LMXBs have ms 

spins! (Chakrabarty+03)

LMXBLMXB--MRP MRP ““missing linksmissing links””

In 1998: SAX J1808.4-3658 

Wijnands & van der Klis

In 2009: PSR J1023+0038 

Archibald et al.

An MRP with an accretion disk 

back in 2001, and as we speak! 
(Wang+09, Stappers+13, Patruno+13)

In 2009: PSR J1023+0038 

Archibald et al.
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Accretion meets rotation in M28Accretion meets rotation in M28

PSR J1824-2452I (2006):

A 3.93185 ms radio pulsar in a 

11.0258 hr orbit (Begin 2006). 

Spectacular link between radio and X-ray millisecond pulsars

IGR J18245–2452 (April 2013):

A 3.93185 ms X-ray pulsar in a 

11.0258 hr orbit (Papitto+2013). 

�The same object and the first neutron 

star seen to “swing” between rotation-

& accretion-powered pulsations! 

Il
lu

st
ra

ti
o
n
: 

M
. 
R

o
b
er

ts

= M28= M28--I =I =



M. Linares, Firenze, 2014M. Linares, Firenze, 2014--0303--2525 66

2008 Chandra observations of M28-I show striking variability: 
fast (<500s) transitions between disk-active (LX=3.9×1033 erg/s)
and disk-passive (LX=2.5×1032 erg/s) states, both non-thermal 

(Γ=1.5)

M28M28--I: mode switchingI: mode switching
Variable quiescence

1032 erg/s 1033 erg/s

2008 Chandra observations of M28-I show striking variability: 
fast (<500s) transitions between disk-active (LX=3.9×1033 erg/s)
and disk-passive (LX=2.5×1032 erg/s) states, both non-thermal 

(Γ=1.5)
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Disk-Active state has typical accretion 
variability: accretion rate fluctuations

Accretion at its lowest: 10-5 Eddington

M28M28--I: SubI: Sub--luminous Accretionluminous Accretion

LX = 4x1033 erg/s

ννννb = 6x10-4 Hz

LX = 3x1036 erg/s

ννννb = 1x10-1 Hz
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(Campana et al. 1998; analytic estimates comparing pressures: ram/magnetic/radiation)

Different (non-thermal) emission regimes as mass accretion rate on the neutron 
star decreases (and the magnetospheric radius Rm increases)

Accretion vs. RotationAccretion vs. Rotation
Regimes of accretion onto a neutron star
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Arons & Tavani (1993)

At the lowest luminosities, when radio pulsar is ON (light cylinder empty), the 
pulsar wind is shocked by surrounding material (accretion flow / companion).

Accretion vs. RotationAccretion vs. Rotation
When rotation power takes over
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Balance (tug-of-war) between accretion flow and pulsar wind!

Light cylinder radius at 186 km. For a 108 G magnetic field:
� Active states (Lbol=1.2×1034 erg/s � Rm~130km): magnetospheric accretion. 
� Passive states (Lbol=1.7×1033 erg/s � Rm~230 km): pulsar wind shock.

At the boundary between accretion and rotation power

M28M28--I: Accretion vs. RotationI: Accretion vs. Rotation
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Summary & ConclusionsSummary & Conclusions
Grab & Go

M28M28--I (but also J1023, J12270, +2come?)I (but also J1023, J12270, +2come?)

Rapid XRapid X--ray ray ““mode switchingmode switching”” in quiescence. in quiescence. 

Fast transitions at the boundary between Fast transitions at the boundary between 

accretion and rotation power !?!accretion and rotation power !?!
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Thanks! For more:Thanks! For more:


