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The disc-magnetosphere boundaryThe disc-magnetosphere boundary
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  Radio ms pulsar with an accretion disc ? Radio ms pulsar with an accretion disc ? 

PSR J1023+0038
1.69 ms spin period

4.8 hr orbital period

0.2 Msun companion

Archibald et al. (2009); Wang et al. (2010)Archibald et al. (2009); Wang et al. (2010)

Evidence for a disk in 2001 and 
possible detection of pulses in    X-
ray with XMM-Newton  in 2009

Pulsar Parameters
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Recycling scenario in two AMXPsRecycling scenario in two AMXPs

2000

2002

2005

Hartman et al. 2008, 2009Hartman et al. 2008, 2009

IGR J00291+5934 1.5 - 2.0 x 10^8 G 

SAX J1808.4-3658 2.0 - 2.8 x 10^8 G

Swift J1756.9-2508 0.4 - 9 x 10^8 G

IGR J00291+5934

SAX J1808.4-3658
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Hartman et al. 2008, 2009Hartman et al. 2008, 2009
Patruno et al. 2009Patruno et al. 2009

Patruno 2010Patruno 2010



Moving Hot Spot ?Moving Hot Spot ?

Patruno (2010) [ApJ 722]Patruno (2010) [ApJ 722]

Spin frequency: 599 Hz

Ordered process is present in all 
outbursts and manifests itself with 

the same effect of X-ray flux on 
pulse phases
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XTE J1814-338XTE J1814-338

Patruno, Wijnands & van der Klis (2009)

 t =0+ν t−t0

Patruno, Wijnands & van der Klis (2009)Patruno, Wijnands & van der Klis (2009)

=A+B× f x
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Torques in accreting millisecond X-ray pulsarsTorques in accreting millisecond X-ray pulsars

EVIDENCE THAT ACCRETION TORQUES ARE MUCH SMALLER EVIDENCE THAT ACCRETION TORQUES ARE MUCH SMALLER 
THAN EXPECTED ?THAN EXPECTED ?

N= Ṁ G Mrm=2πIν̇∝ f x
6/7 ν̇ 1814≈10−13 H z s−1

ν̇ 181410−14 H z s−1

Expected

=A+B× f x
Corrected

Pulsar close to spin equilibrium ? 
Negative Torques balancing Accretion Torques ? (e.g., GWs ?)

Slide 7



IGR J00291+5934: close to spin equilibrium ? IGR J00291+5934: close to spin equilibrium ? 

Cutoff distribution still at ~730 Hz
after increasing sample size by a factor 3 

REMARKABLE POINT:

Chakrabarty et al. (2003), Patruno (2010)Chakrabarty et al. (2003), Patruno (2010)

Is there any hope to find 
sub-ms pulsars ? 
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Increase of signal strength at high energiesIncrease of signal strength at high energies

SAX J1748.9-2021Aql X-1

IGR J00291+5954

Patruno et al 2009Patruno et al 2009

Falanga et al 2005Falanga et al 2005

Casella et al 2008Casella et al 2008

Swift J1756.9-2508
Patruno et al 2010Patruno et al 2010
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ASTROSAT vs. RXTEASTROSAT vs. RXTE
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ConclusionsConclusions

 Evidence that AMXPs are progenitors of radio ms-pulsars is 
close to final.

 Some AMXPs show no evidence of accretion torques.              
GW torques ? Spin equilibrium ? 

 ASTROSAT will be crucial to find new AMXPs and to study 
long term spin evolution
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The Very Faint source 1RXSJ171824.2-40293The Very Faint source 1RXSJ171824.2-40293

~65 ks of continuous 

on-source observation  

OPTIMAL OBSERVATION FOR 
SIDEBAND SEARCH 

Ṁ 9×10−12 M Sun / yr

No pulsations detected with 
upper limits of a few % rms

Patruno (2010) [astro-ph/1007.1108]Patruno (2010) [astro-ph/1007.1108]
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