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Take home points

MAXI J1820+070, one of the brightest black hole fransient ever observed,
showed four outbursts in 2018 and 2019: a double outburst and two hard-
state-only (reflares)

Observations of type-C QPOs below 1 Hz during large parts of the outburst

Source remains during large parts of its outburst in a configuration close tfo
the one typically seen at the beginning of an outburst, when the accretion
efficiency is still low

Presence of disc wind in the hard state (detected in the optical and IR;
Munoz-Darias et al. 2019) can be an explanation why MAXI J1820+070
remained in a state of low accretion efficiency as it hampered the formation of
a stable accretion regime
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Outburst properties of BH
XRBs
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Outflows
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Accretion rate
H radio jet /radio jet hot flow
.M XBs: . disk wind p disk wind
black holes and /hot “orona N //I
weakly magnetic q H I () CEE— B O o 8 .
neutron stars \ disk jet?
black hole/neutron star wind?
highly
ionised (hot)
Near/super Soft wind Hard Quiescence
Eddington state state
/ I \Y4 J
: : : Common but
Relatively rare Most easily studied

difficult to study

(30

Wide range of accretion rates possible

(30

Accretion geometry & outflows change with accretion rate

(30

Details of wind-launching mechanism, photoionisation instabilities
and over-ionisation of the ejecta (e.g. Chakravorty et al. 2013;

Bianchi et al. 2017; Gatuzz et al. 2019)
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Observing (hot) disc winds

® Detected through blue-shifted absorption lines \?
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Low ionisation disc winds

€

Low ionisation (cold) disc winds observed in optical/infrared observations
of luminous and violent outbursts of V404 Cyg (Munoz-Darias et al. 2016;
Munoz-Darias et al. 2017; Rahoui et al. 2017; Mata Sanchez et al. 2018;
see also Casares et al. 1991) and V4641 Sgr (Chaty et al. 2003;
Lindstrgm et al. 2005; Munoz-Darias et al. 2018).

Sanchez-Sierras & Munoz-Darias et al. 2020

€

P-Cygni profiles

Munoz-Darias et al. 2016

e e e X ray winds (expected)
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MAXI J1820+070

% MAXI J1820+070 detected in MAXI/GSC and Swift/BAT monitoring
observations on 2018 March 11th (Kawamuro al. 2018, ATel #11399;
Kennea et al. 2018, ATel #11403)

% We analyse all Swift/XRT timing mode data between 2018 March 11t and 2019
Sep. 28t

% NICER observed between 2018 March 12 and 2019 Oct. 25t
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Light curves

Swift/XRT and NICER light curves
show that MAXI J1820+070
underwent four outbursts. The
source remained in the hard state
during its first outburst, while the
rise of the second outburst

corresponds with the transition fo
the soft state.

This double outburst (similar to

the 2004 one of GX 339-4; Joinet
et al. 2007, ApJd, 657, 400; Plant et al.

2014, MNRAS, 442, 1767) is followed
by two fainter, hard-state only
outbursts (reflares).

Outburst peaks at ~4 Crab
(~9.6x1078 erg cm= s7!); among the
brightest black hole fransients
ever observed
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Hardness-Intensity and
hardness-rms diagrams

HR decreases
during first
plateau

Second plateau
corresponds to
soft state

Hardening during
steep decay; then
softening again

374 outburst: HR >
decay; but < start
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Optical and IR data

GTC: Gran Telescopio Canarias
VLT: Very Large Telescope

SALT: Southern African Large
Telescope

TNG: Telescopio Nazionale Galileo

Optical spectra rich in emission
lines, including Balmer series, He
I and He II fransitions.

NIR spectra: Ha, He I and
Paschen lines

Strong line asymmetries, shallow
P-Cyg profiles, and broad, non-
Gaussian emission line wings are
observed
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P-Cygni profiles

contaminated
broad blue by interstellar
wing \ absorption

30

P-Cyg profile =
evidence for outflow

5
8 In X-ray binaries E
strong emission lines 3
are produced in the =
accretion discs -
blue shifted
= Only blue-shifted absorption ~
. —2000 —1000 0 1000 2000
CleOT'P"'IOn unaltered He 1 5876 velocity (km s™1)
and unambiguous wind broad wi o (47
signature rod wings =
with =
% Wind terminal velocity absorption & -
Vi~1200 km s frough '
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The Ha spectral region

Broad Ha wings and strong line
asymmeftries

Wind terminal velocity V~1800 km s

Systematic search for wind features
using diagnostic diagram developed by
Mata Sanchez et al. (2018)

Gaussian fit to line profile; plot
equivalent width (EW) of residuals in
the blue and red emission line wings

Observations exceeding 3 0 level
quoted as wind defections
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NIR Paschen lines

absorption
trough

AN

Paschen lines are asymmetric, Pao

displays a blue emission

line wing,

shows hint of an absorption trough
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Optical and NIR summary

Wind signatures in MAXI
J1820+070 significantly shallower
than those observed in V404 Cyg
and V4641 Sgr

Detection possible thanks to
exceptional brightness of source
and systematic monitoring at very
high signal-to-noise

Wind detections during hard state;
especially around peak of the
optical outburst

Two characteristic wind velocities
=»> complex wind structure;
different launching mechanisms?

Similar to Vi derived from optical
and X-ray winds in other systems
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QPO frequencies

% Most NICER observations between day 10 and 116 show a QPO and an upper
harmonic with frequency increasing from 0.03 to 1.57 Hz and Q ~ 3 - 10

A upper
harmonic

40 60 80
time [days since MJD 58188]
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Most NICER observations between day 10 and 116 show a QPO and an upper
harmonic with frequency increasing from 0.03 to 1.57 Hz and Q ~ 3 - 10
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On day 116
Y char INCreases
from 2 to 4 Hz

A upper
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Between day 92 and 109 only upper harmonic is detected
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Between day 92 and 109 only upper harmonic is detected
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Few QPOs detfected during decay with 0.02 < V char < 0.50 Hz
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Some more QPOs are detected during the 3™ and 4™ outburst
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8 Qutbursts of GX 339-4,
H1743-322, and XTE J1650- P
500

2 Many QPOs detected at

frequencies above 1 Hz

XTE J1650-500

o
n

o
=
photon index

photon index

QPO Centroid Frequency (Hz) QPO Centroid Frequency (Hz)
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Discussion

Four outbursts monitored by Swift/XRT and NICER in 2018 and 2019

HID shows typical g-shape observed in black hole X-ray binaries; 1°
outburst in hard state, 2" transition to soft state, 3™ + 4™ hard state
only

Many observations during outburst rise show QPOs. Frequency range, Q
factors and anti-correlation between rms and V char = type-C QPOs

Apart from last two NICER observations before the soft state V char
below 1 Hz

Observations of type-C QPOs below 1 Hz during large parts of an
outburst is exceptional.

Low VY char during large parts of the outburst =» source remains in a
configuration close to the one typically seen at the beginning of an outbursf,
when the accretion efficiency is still low

H. Stiele



Discussion 11

In Lense-Thirring precession model (Stella & Vietri 1998, ApJd, 492, L59;
Ingram et al. 2009, MNRAS, 397, L101) low QPO frequencies correspond to an
accretion disc tfruncated at several Rq

Low QPO frequencies imply disc truncated far away from the black hole and
not much evolution of the truncation radius during outburst

Consistent with results of Kara et al. (2019, Nature, 565, 198) based on X-ray
reverberation lags

Detection of a disc wind in the optical, IR during the hard state (Munoz-
Darias et al. 2019, ApJ, 879, L4) thanks to the detection of P-Cyg profiles,
broad line wings, and strong line asymmeitries

Presence of disc wind in the hard state can be an explanation why MAXI
J18204+070 remained in a state of low accretion efficiency as it
hampered the formation of a stable accretion regime

H. Stiele
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QPOs at V char below 1 Hz observed in X-ray observations (Swift/XRT
and Chandra) of the 2015 outburst of V404 Cyg

MJD

57195.47033
57195.47033
57195.66909
57195.66909
57195.47244

V404 Cygni

Instrument

Swift/XRT
Fermi/GBM
Chandra/ACIS
Chandra/ACIS
Swift/XRT

QPO frequency

18 mHz
18 mHz
73 mHz
1.03 Hz
136 mHz

g-factor

~ 4.5
~ 4.5
~ 6.0
9.0

~ 5.8

QPO fractional
rms amplitude

0.18 £ 0.02
0.03 £ 0.01
0.27 £ 0.03
0.46 £ 0.02
0.08 £ 0.02
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Summary

MAXI J1820+070, one of the brightest black hole transient ever observed,
showed four outbursts in 2018 and 2019: a double outburst and two hard-
state-only (reflares)

Observations of type-C QPOs below 1 Hz during large parts of the outburst

Source remains during large parts of its outburst in a configuration close tfo
the one typically seen at the beginning of an outburst, when the accretion
efficiency is still low

Presence of disc wind in the hard state (detected in the optical and IR;
Munoz-Darias et al. 2019) can be an explanation why MAXI J1820+070
remained in a state of low accretion efficiency as it hampered the formation of
a stable accretion regime

?

type-C QPOs

cold disc winds
Wi".h )Y char 51 HZ
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