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Nine-hour X-ray quasi-periodic eruptions from a
low-mass black hole galactic nucleus

G Mindutd™, R D Saxton?, ML Glastind', K. DL Alexander ™, R
A, K. Tzioumis', AM, Read', €. Knig

In the past two decades, high-amplitude electromagnetic outbursts
have been detected from dormant uul;wu'.\ and often attributed
to the tidal disruption of a star by the central black hole'. X-ray
emission from the Seyfert 2 galaxy GSN 069 (2MASX JO1190869-
3411305) at a redshift of 2 = 0.018 was first detected in lllllt‘ 2010
and implies an X-ray brightening by a factor of more than 240 over
ROSAT observations performed 16 years carlier™". The emission
has smoothly decayed over time since 2010, possibly indicating a
long-lived tidal disruption event”. The X-ray spectrum is ultra-soft
and can be deseribed by accretion disk emission with luminosity
proportional to the fourth power of the disk temperature during
long-term evolution. Here we report observations of quasi-periodic

X-ray eruptions from the nucleus of GSN 069 over the course of

54 days, from December 2018 onwards. During these eruptions,
the X-ray count rate increases by up to two orders of magnitude

with an event duration of just over an hour and a recurrence time of

about nine hours. These eruptions are associated with fast spectral
transitions between a cold and a warm phase in the accretion flow
around a low-mass black hole (of approximately 4 x 10" solar
masses) with peak X-ray luminosity of about 5 x 10" erg per second.
The warm phase has KT (where Tis the temperature and k is the
Boltzmann co | PR : ' o
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observed ina potentially long enough XMM-Newton exposure (83 ks)
on 2014 December 5 (XMM2) - that is, four years before the XMM3
discovery observation
The observed X-ray variability is characterized by short, high

.llllPlﬂll(lL'l]ll.l\l I'L'll{'li‘\ \ ray I‘l||\1\(|\|'\ N I.I|]|l'| \‘.!I‘Il I‘“l\ |('\\'I
(Fig. 1). This type of variability has not hitherto been observed inan
active galactic nucleus (AGN). Hereafter, we refer to these new phe
nomena as X-oray guasi ]u'nm'.n cruptions (QPEs) to differentiate
them from the gentler, quasi-sinusoidal modulation of the standard
(uasi |u'r1mln oscillations (QPOs) that are often observed in X -ray

||]|Ll1iL'\ .l[l(l. MoOre rec ;'|1I|\. ma h;llllhul ol \llI'L'I IEASSIVE 0K lt'llll_‘,l
black holes™!

Over the 54 days probed by our recent observations, the QPE amph
tude decreases with time, and a simple linear extrapolation predicts no
QPEs from about late June 2019 onwards, if the current trend continues
I'he average QPE duty cycle is about 6%, and it is well correlated with
the average amplitude, whereas the QPE recurrence time seems to tend
toa plateauw at about 33 ks after an imtial increase (see Methods section
QPE model ||h“.\'|wm1.\'n‘. 1':1‘|'\'|l|;\' and Extended Data Fig. 4). Radio
DT observations with the MeerKA'T, Karl G, Jansky Very Large Array
(VEA) and Australia Telescope Compact Array (ATCA) radio telescope
’ : ! ’ T “Mandra observa
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