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Abstract

The magnetar SGR J1745� 2900, discovered at a distance of parsecs from the Milky Way central black hole,
Sagittarius�Aå, represents the closest pulsar to a supermassive black hole ever detected. Furthermore, its intriguing
radio emission has been used to study the environment of the black hole, as well as to derive a precise position and
proper motion for this object. The discovery of SGR J1745� 2900 has led to interesting debates about the number,
age, and nature of pulsars expected in the Galactic center region. In this work, we present extensive X-ray
monitoring of the outburst of SGR J1745� 2900 using the Chandra X-ray Observatory, the only instrument with
the spatial resolution to distinguish the magnetar from the supermassive black hole(2 4 angular distance). It was
monitored from its outburst onset in 2013 April until 2019 August, collecting more than 50 Chandra observations
for a total of more than 2.3 Ms of data. Soon after the outburst onset, the magnetar emission settled onto a purely
thermal emission state that cooled from a temperature of about 0.9–0.6 keV over 6 yr. The pulsar timing properties
showed at least two changes in the period derivative, increasing by a factor of about 4 during the outburst decay.
We � nd that the long-term properties of this outburst challenge current models for the magnetar outbursts.

Uni� ed Astronomy Thesaurus concepts:Neutron stars(1108); Magnetars(992); Pulsars(1306)

1. Introduction

Due to the coupling of extreme gravitational� elds with very
strong magnetic� elds, neutron stars are among the most
interesting celestial objects. At the magnetic extreme of the
pulsar population, some 30 sources were discovered in the past
decades, collectively labeled as magnetars(see Kaspi &
Beloborodov2017 for a recent review). These objects are
typically characterized by(i) peculiar� aring/ bursting activity
on several timescales and luminosities(L�� �1038–1046 erg s� 1�
during 0.1–500 s), (ii ) long-term outburst activity, during which
for months to years their persistent luminosity is enhanced by
several orders of magnitude(Coti Zelati et al.2018), (iii )
relatively slow rotational periods compared to those of the
isolated pulsar population(spin periods typically in the
0.3–10 s range), and (iv) surface dipolar magnetic� elds
generally estimated to be of the order of 1013–1015 G. These
properties lead to the idea of magnetars being powered by their
large magnetic energy(Thompson & Duncan1995, 1996).
Studies of magnetar outbursts in the past decades(Perna &
Pons2011; Pons & Perna2011; Pons & Rea2012; Viganò
et al. 2013; Gourgouliatos & Cumming2014; Wood &

Hollerbach2015; Lander & Gourgouliatos2019) have led to
a deeper understanding of the magnetar phenomenology, and in
particular of the physics of the surface cooling after such a
large energy injection(Pons & Rea2012; Li et al. 2016). They
also allowed the discovery of low-� eld magnetars(Rea et al.
2010, 2012a, 2013b, 2014), of magnetar-like emission in other
neutron star classes such as Central Compact Objects(D’Aì
et al.2016; Rea et al.2016) and canonical rotational powered
pulsars (Gavriil et al. 2008; Kumar & Sa� -Harb 2008;
Archibald et al.2016). However, many questions still remain
to be answered, such as the mechanism that triggers the
outburst emission, the role of the magnetic� eld helicity inside
the star and in the magnetosphere, and the effects of the
outbursts on the long-term quiescent luminosity of these
objects (Carrasco et al.2019). The recent discovery of
magnetar-like emission in sources not previously counted as
magnetars has led us to question the exact de� nition of a
magnetar, as well as the birth properties and number of sources
showing magnetar-related emission.

In this general context, the discovery was made of a
powerful magnetar being the closest known pulsar to the Milky
Way central supermassive black hole, Sagittarius�Aå (Sgr Aå).
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