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Low-Mass X-ray Binaries

Companiﬂon star | ON (outburst):

L, ~ 1036 - 1038 erg/s

Accretion A i
T ccretion
disk

OFF (quiescence):
L, ~ 1030 - 1033 erg/s
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Millisecond radio pulsars
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Leahy power

Letters to Nature

Nature 394, 344-346 (23 July 1998) | doi:10.1038/28557; Received 21 April 1998; Accepted 16
June 1998

A millisecond pulsar in an X-ray binary system

Rudy Wijnandsl & Michiel van der Klist2

1. Astronomical Institute Anton Pannekoek, University of Amsterdam, and Center for High
Energy Astrophysics, Kruislaan 403, 1098 5] Amsterdam, The Netherlands
2. Department of Astronomy, University of California, Berkeley, Berkeley, California 94720, USA
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A Radio Pulsar/X-ray Binary Link
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Accretion meets rotation in M28

Spectacular link between radio and X-ray millisecond pulsars
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Frequency (Hz)

PSR J1824-24521 (2006):= M28-| =IGR J18245-2452 (April 2013):

A 393185 ms radio pulsar in a A 393185 ms X-ray pulsar in a
11.0258 hr orbit (Begin 2006). 11.0258 hr orbit (Papitto+2013).

—>The same object and the first neutron
star seen to “swing” between rotation-
& accretion-powered pulsations!
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Orbital Phase
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Count rate (c/s)
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Accretion vs. Rotation

When rotation power takes over

Shock Wave Pulsar Wind
Terminating Pulsar Wind '
inside Binary

Shocked Pulsar Wind

inBinary e "\._

Evaporating
Star

Y

Tangential
Discontinuity

Synchrotron Radiation

2 . .

FI1G. 2 Schematic representation of the shock geometry near the compan-
ion star.

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).
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VI26-1 (but also J1023, J12270, +2cor
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~apid X-ray “moade Switching" In quiescenc
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The neutron star transient and millisecond pulsar in M28:
— from sub-luminous accretion to rotation-powered quiescence

Companion star

Disk
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ABSTRACT

The X-ray transient IGR J18245-2452 in the globular cluster M28 contains the Arst neutron
star {MN5) seen to switch between rotation-powered and accretion-powened pulsations. We
anabyse its 2013 March—April 25 d long outharst as obsarved by Swift. which had a peak bolo-
metric luminosity of ~6 per cent of the Eddington limit {55, and give detailed properties
of the thermonuoclear burst observed on 2013 April 7. We also present a detailed analysis
of new and archival Chandra data, which we use to study quiescend emission from IGR
1182452452 between 2002 and 2013, Together. these observations cover almost five orders
of magnitude in X-ray luminosity (Ly, 0.5-10ke¥). The Swift spectrum softens during the
outburst decay (photon index I from 1.3 gbove Ly /Lis = 1077 1o ~2.5 at Lx /Ly =
similar to other N5 and black hole transients. At even lower lnminosities, Ly /g = [10—3
107%]. deep Chandra ohservations reveal haed (I" = 1-1.5), purely non-thermal and highly
varizble X-ray emission in quiescence. We therefore find evidence for a spectral transition at
Ly fLgisg ™ 10—* where the X-ray spectral softening observed during the outburst decline turns
into hardening as the source goes o quiescence. Furthermore, we find a stniking varability pat-
tern in the 2008 Chandra light curves: mpid switches between o high-luminosity ‘active” state
Ly =39 = 10" grgs— ') and a low-luminosity ‘passive’ state {Ly = 5.6 = 10™ ergs—1), with
no detectable spectral change. We put our results in the context of low-luminosity accretion
flows around compact objects and X-ray emission from millisecond radio pulsars. Finally, we
discuss possible origing for the observed mode switches in gquiescence, and explore a scenano
whaere they are caused by fast transitions between the magnetospheric accretion and pulsar
wind shock emission regimes

Key words: stars: newtron— palsars: individweal: PSE J1E24-24521 - globular clusters: indi-
M vidual: M2E — X-rays: binaries — X-rays: bursts — X-rays: individual: IGR J18245- 2452,




