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Transitional millisecond pulsars

Radio ms Pulsars A x-ray ms Pulsars
Magnetic field rotation \ Mass accretion

Transitional fossils

r( o) any f ossi
a life form that exhibits traits
common to both an ancestral
group and its derived

descendant gro
Freeman & Herron (2004),
Evolutionary analysis




Rotation powered (radio) pulsars




The fundamental plane of pulsars

Millisecond pulsars
Backer+ 1982 Nature]
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The fundamental plane of pulsars

Millisecond pulsars
Backer+ 1982 Nature]

- weakly magnetized

log (dP/dt)

- often found in
globular clusters
Yy 0 lsydtems

- often in binaries

Bisnovatyi-Kogan & Komberg 1974
Alpar+, Radhakrishnant 1982
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Spinning up neutron stars




A new transient in M28, IGR J18245 -2452

X-ray luminosity ~fewx 10 %%er g/ s y accretio

Chandra HRC

2006 March 2013 °




XMM discovery of an accreting millisecond pulsar
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XMM discovery of an accreting millisecond pulsar

Pspin = 3.9 ms
Porb = 11.0 hr
Mcomp ~ 0.2 Msun
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Discovery of a transitional pulsar

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

Parameter IGR J18245-2452 PSR J1824-24521
Right Ascension (J2000) 18" 24™ 32.53(4)*

Declination (J2000) —24° 52" 08.6(6)"

Reference epoch (MID) 56386.0

Spin period (ms) 3.931852641(2) 3.93185(1)

Spin period derivative <2x 10717

RMS of pulse time delays (ms) 0.1 Pap itto et aI . 20 13 ’

Orbital period (hr) 11.025781(2) 11.0258(2)
Projected semi-major axis (It-s) 0.76591(1) 0.7658(1) N atu re y 50 1 y 5 1 7

Epoch of zero mean anomaly (MJD)  56395.216889(5)




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)
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M28: a decade of observations

Radio pulsar faint and irregularly eclipsed

Past accretion events (X-ray & optical brightening)
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Swings driven by mass in -flow rate variability

Low Mass in-flow rate: . \

Magnetic field dominates

Yy rotati onRagioRERr e

i

High Mass in -flow rate:
Gravity dominates

Yy accreti oxrgyesrer)|

Stellat+ 1994; Campanat+ 1998; Burderi+ 2001



IGR J182452452: X-ray flux variability

XMM-Newton light curve
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Ferrigno, Bozzo, Papitto, Rea +, A&A, 2014,




IGR J182452452: X-ray flux variability
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Two flux states

EPICpn 0.5-10 keV court rate (s '}
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Propeller inhibition of accretion
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IGR J182452452: patterns of variability

Average spectrum is hard ( Comptonization with 2 4.4)
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IGR J182452452: variable radio emission




